ახალი ტიპის ამორფულმაგნიტურგულარიანი ტრანსფორმატორების თავისებურებების კვლევა by გვარამაძე, ნინო
i 
nino gvaramaZe 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
axali tipis amorfulmagniturgulariani 
transformatorebis Taviseburebebis kvleva 
წარმოდგენილია  დოქტორის აკადემიური ხარისხის  
მოსაპოვებლად 
საქართველოს ტექნიკური უნივერსიტეტი 
თბილისი, 0175, საქართველო 
თვე, წელი 
 
საავტორო უფლება © წელი,  “nino gvaramaZe, 2011 w” 
ii 
საქართველოს ტექნიკური უნივერსიტეტი 
 
energetikisa da telekomunikaciis fakulteti 
 
 
 
 
        ჩვენ, ქვემორე ხელისმომწერნი ვადასტურებთ, რომ გავეცანით nino 
gvaramaZis  მიერ შესრულებულ სადისერტაციო ნაშრომს დასახელებით: 
“axali tipis amorfulmagniturgulariani transformatorebis 
Taviseburebebis kvleva”  და ვაძლევთ რეკომენდაციას საქარველოს 
ტექნიკური უნივერსიტეტის energetikisa da telekomunikaciis 
fakultetis სადისერტაციო საბჭოში მის განხილვას დოქტორის 
აკადემიური ხარისხის მოსაპოვებლად. 
 
თარიღი  
  
 
ხელმძღვანელი: Salva naWyebia 
რეცენზენტი:  
რეცენზენტი:  
რეცენზენტი:  
 
 
 
iii 
საქართველოს ტექნიკური უნივერსიტეტი 
წელი  
  
 
ავტორი:  ნინო გვარამაძე 
           დასახელება: ახალი ტიპის ამორფულმაგნიტურგულარიანი                     
ტრანსფორმატორების თავისებურებების კვლევა 
ფაკულტეტი :  ენერგეტიკისა და ტელეკომუნიკაციის 
ხარისხი:  დოქტორი 
სხდომა ჩატარდა:  თარიღი   
 
ინდივიდუალური პიროვნებების ან ინსტიტუტების მიერ 
ზემომოყვანილი დასახელების დისერტაციის გაცნობის მიზნით მოთხოვნის 
შემთხვევაში მისი არაკომერციული მიზნებით კოპირებისა და გავრცელების 
უფლება მინიჭებული აქვს საქართველოს ტექნიკურ უნივერსიტეტს. 
 
ავტორის ხელმოწერა 
 
ავტორი ინარჩუნებს დანარჩენ საგამომცემლო უფლებებს და არც 
მთლიანი ნაშრომის და არც მისი ცალკეული კომპონენტების გადაბეჭდვა ან 
სხვა რაიმე მეთოდით რეპროდუქცია დაუშვებელია ავტორის წერილობითი 
ნებართვის გარეშე.  
ავტორი ირწმუნება, რომ ნაშრომში გამოყენებული საავტორო 
უფლებებით დაცული მასალებზე მიღებულია შესაბამისი ნებართვა (გარდა 
ის მცირე ზომის ციტატებისა, რომლებიც მოითხოვენ მხოლოდ სპეციფიურ 
მიმართებას ლიტერატურის ციტირებაში, როგორც ეს მიღებულია 
სამეცნიერო ნაშრომების შესრულებისას) და ყველა მათგანზე იღებს 
პასუხისმგებლობას. 
 
iv 
 
რეზიუმე 
      gvaramaZe ninos disertacia `axali tipis amorfulmagnitur 
gulariani transformatorebis Taviseburebebis kvleva~ exeba 
aqtualur problemas. naSromi Sedgeba 130 gverdisgan da 
doqtoris akademiuri xarisxis mosapoveblad wardgenili 
disertaciis gaformebis instruqciis mixedviT moicavs: titulis 
gverds, xelmowerebis gverds, saavtoro uflebebis gverds, 
reziumes or enaze (qarTul-inglisuri), Sinaarss (sarCevs), 
cxrilebis da naxazebis nusxas. ZiriTadi teqsti Sedgeba 
Sesavlis, literaturis mimoxilvis, oTxi Tavis, daskvnis da 
gamoyenebuli literaturis siisagan.  
      SesavalSi ganxilulia kvlevis aqtualuroba, problemis 
Seswavlis mdgomareoba, kvlevis mizani da amocanebi, kvlevis 
sagani, Teoriuli da meTodologiuri safuZveli, kvlevis 
mecnieruli siaxle, naSromis praqtikuli mniSvneloba, naSromis 
aprobacia, misi moculoba da struqtura.  
       transformatoris  gularisaTvis masalis SerCeva 
warmoadgens erT-erT umTavres amocanas transformatoris 
damzadebisas. mniSvnelovania, rom am masalas hqondes kargi 
magnituri da meqanikuri Tvisebebi. liTonis SerCeva 
damokidebulia uqmi svlis danakargebze da srul 
TviTRirebulebaze.   
 
  disertaciis pirvel Tavi _ amorfuli masalebis 
daxasiaTeba. moicavs Semdeg paragrafebs: amorfuli liToni; 
amorfuli lenti; amorfuli masalis Sedgenilobis 
mikrorentgenul-speqtruli analizi; amorfuli lentisa da 
amorfulmagnitur gulariani transformatoris damzadebis  
teqnologia.  
       arsebobs ori ZiriTadi masala, romelic gamoiyeneba 
transformatorebis gularis dasamzadeblad: amorfuli liToni 
da civad naglini foladi. uqmi svlis danakargebi amorful 
gularaSi Seadgens civad naglini foladisagan damzadebuli 
transformatoris gularis uqmi svlis danakargebis 25%-s.  
  
      disertaciis meore Tavi _ amorfulmagnitur gulariani    
transformatoris  daxasiaTeba. moicavs Semdeg paragrafebs: 
gularis dizaini da zomebi; gularis Termiuli Tvisebebi; 
amorfuli liTonisagan damzadebuli transformatoris  
warmoeba da satransformatoro upiratesobebi; amorfuli 
liTonisagan damzadebuli transformatoris  saimedooba, 
xarisxi da remontis Taviseburebani; amorfuli liTonisagan 
damzadebuli Zalovani transformatorebis tipebi da 
maxasiaTeblebi. 
v 
      amorfulmagnitur gulariani transformatorebis dizaini 
da remontis Taviseburebebi klasikuri (civad naglini 
foladisagan damzadebuli) transformatoris da remontis 
Taviseburebebis msgavsia.  
 
disertaciis mesame Tavi _ transformatoris eleqtruli 
parametrebi. moicavs Semdeg paragrafebs: orgragnila 
transformatorebis Canacvlebis sqema da eleqtruli 
parametrebi; samgragnila transformatorebis da   
avtotransformatorebis Canacvlebis sqema da eleqtruli 
parametrebi; satransformatoro danakargebis aRwera. 
      transformatorebis SerCeva xdeba maTi sapasporto 
monacemebis mixedviT. transformatorebisa da 
avtotransformatorebis sapasporto monacemebs miekuTvneba 
nominaluri simZlavre, gragnilTa nominaluri Zabvebi, agreTve 
uqmi svlisa da mokle SerTvis denis monacemebi, uqmi svlis 
aqtiuri simZlavris danakargebi da uqmi svlis deni, mokle 
SerTvis aqtiuri simZlavris danakargebi da mokle SerTvis Zabva.   
      am eleqtruli parametrebis safuZvelze ganisazRvreba sxva 
eleqtruli parametrebi.        
 
      disertaciis meoTxe Tavi _ amorfulmagnitur gulariani 
da klasikuri transformatorebis urTierTSedareba. moicavs 
Semdeg paragrafebs: amorfulmagnitur gulariani da kalsikuri 
transformatorebis eleqtruli maxasiaTeblebis 
urTierTSedareba; amorfulmagnitur gulariani da kalsikuri  
transformatorebis magnituri da fizikuri Tvisebebis 
urTierTSedareba; uqm svlaze momuSave 10 kv Zabvis klasikuri 
transformatorisa da amorfulmagnitur   gulariani 
transformatoris gamorTviT gamowveuli gadametZabvis 
urTierTSedareba; ferorezonansis movleniT gamowveuli 
gadametZabvebis urTierTSedareba amorfulmagnitur gulariani 
da kalsikuri  transformatorebisaTvis; amorfulmagnitur 
gulariani da kalsikuri  transformatorebis upiratesobebi da 
naklovanebebi; amorfulmagnitur gulariani da kalsikuri  
transformatorebis margi qmedebis koeficientebis 
urTierTSedareba; amorfulmagnitur gulariani da kalsikuri  
transformatorebis ekonomikuri urTierTSedareba. 
           Catarebuli gaangariSebis analizidan Cans, rom 
amorfulmagnitur gularian transformatorSi mokled SerTvis 
danakargebi da uqmi svlis danakargebi gacilebiT naklebia 
klasikur transformatorTan SedarebiT. Catarebuli  
gadametZabvis analizidan gamomdinareobs, rom amorfulmagnitur 
gulariani transformatori ukeTesia klasikur 
transformatorTan SedarebiT, radgan uqmi svlis reJimSi 
amorfulmagnitur gularian transformatorze gadametZabvis 
daaxloebiTsidide 3-jer naklebia klasikur (civad naglini 
foladisagan damzadebuli) transformatorTan SedarebiT.  
vi 
        satransformatoro danakargebis Semcirebis mizniT, 
rekomendirebulia Zalovani transformatorebis gamoyeneba, 
romlebic damzadebulia amorfuli masalebis bazaze. 
amorfulmagnitur gularian transformatorebs aqvT bevrad 
ufro naklebi gabaritebi da masa, vidre klasikuri tipis 
Zalovan transformatorebs. amorfuli masalebisagan 
damzadebuli transformatorebi yoveldRiurad ufro 
moTxovnadi xdeba msoflios ganviTarebul qveynebSi.  
        bolos mocemulia daskvnebi da gamoyenebuli 
literaturis CamonaTvali.  
      kvlevaSi mocemuli masala daexmareba, rogorc saxelmwifo, 
ise kerZo energetikul kompaniebs teqnikuri da ekonomikuri 
maCveneblebis gaumjobesebaSi.  
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Abstract 
Dissertation work of  Gvaramadze  Nino “New type amorphous metal core 
transformers properties study” deals with the significant problem. Work consists of 
130 pages and in accordance with the instructions for submission of the dissertations 
for award of doctor’s academic degree, includes: title page; signatures’ page, 
copyright page, summary in two languages (Georgian and English), contents, list of 
the tables and drawings. Body text consists of the introduction, literature overview, 
four chapters, conclusion and references.  
 
The Introduction includes discussion of significance of the issue, current status of 
research, goals and objectives of research work, theoretical and methodological 
principles, scientific novelty of the research, as well as practical significance of the 
work, its approbation, volume and structure.  
 
At manufacturing of transformers the most important thing a choice of a material for 
the core. Very important that the material had good magnetic and mechanical 
characteristics. The choice of material  depends from the cost and no load current.   
 
First chapter of the dissertation – Description of amorphous materials includes the 
following sections: Amorphous alloy; Amorphous ribbon; Microspectroscopy and 
rentgenoscopy of amorphous materials; Amorphous ribbon and amorphous metal core 
transformers making technology. 
 
There are two basic materials for transformer cores amorphous materials and CRGO. 
No load loss in amorphous metal core makes 25%  of a no load loss in CRGO 
(classical) transformers core.  
 
Second chapter  of the dissertation – Description of amorphous metal core 
transformers  includes the following sections: Core design and sizes; Core thermal 
propertys; Making of  amorphous metal core transformers and amorphous metal core 
transformers advantages; Amorphous metal core transformer reliability, quality and 
repairing; Amorphous metal core Power transformer types and characteristics. 
 
design and repair of amorphous metal core transformer are the same like a design and 
repair of classical (CRGO) transformer. 
 
Third chapter  of the dissertation – Transformer electric parameters  includes the 
following sections: Equivalent circuit and electric parameters of double-wound 
transformer; Triple-wound transformer and autotransformers equivalent circuit and 
electric parameters; Description of transformer losses. 
 
The choice of transformers is made on nameplate data. The nameplate data of 
transformers and autotransformers are: rated power, rated voltages, also no load 
current and short circuit current, No load loss and No load current, load loss and  short 
circuit voltage. Other electric characteristics are calculated from this nameplate data.  
 
viii 
fourth chapter  of the dissertation – Comparison of amorphous metal core and 
classical transformers  includes the following sections: Electric parameters  
comparison of amorphous metal core and classical transformers; Comparison of 
physical and magnetic property of  amorphous metal core and classical transformers; 
No load loss comparison of 10 kV  amorphous metal core and classical transformers; 
Ferroresonance overvoltage comparison for  amorphous metal core and classical 
transformers; Advantages and disadvantages of amorphous metal core and classical 
transformers; Efficiency comparison of amorphous metal core and classical 
transformers; Economical comparison of amorphous metal core and classical 
transformers.  
 
From the analysis of calculations follows that in amorphous transformers no load loss 
end load loss are much less than in classical transformers. From the analysis of 
overvoltage calculation  follows that amorphous transformers are much better than 
classical transformers, at no load  state - overvoltage  on amorphous transformers in 3 
times is less than in classical (CRGO) transformers.   
 
For reduction transformer loss it is recommended to use amorphous metal for 
transformer manufacturing. Amorphous core transformer have much less dimensions 
and weight than  classical transformers. Amorphous core transformer are more 
required in many countries day by day.  
  
Finally there are provided the conclusions and list of the references.  
 
Materials provided in the work would assist both to the state and private power 
companies in  improvement of technical and economical characteristics.  
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aldt - amorfuli liTonisagan damzadebuli transformatorebi 
cnft – civad naglini foladisagan damzadebuli 
transformatorebi 
m.q.k. – margi qmedebis koeficienti 
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xviii 
მადლიერება 
madlobas vuxdi firma “ABB”-s da “vacuumshmelze”-s 
xelmZRvanelobas gaweuli daxmarebisaTvis. 
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შესავალი 
     
     naSromis aqualuroba: Tanamedrove eleqtroteqnikur 
mrewvelobaSi sagrZnoblad amaRlda magnituri teqnikis 
konkurentunarianoba, rac ganapiroba bolo aTwleulSi magnituri 
Senadnobebis warmoebis teqnologiaSi miRweulma warmatebebma. 
aSS-Si, iaponiaSi, germaniaSi, ruseTSi, inglissa da sxva 
maRalganviTarebul qveynebSi miRebuli iqna sruliad axali 
klasis magnituri masalebi amorfuli magnituri Senadnobebis 
saxiT. 
      amorfuli magnituri masalebis miRebis ramodenime 
teqnologiuri meTodia damuSavebuli. maT Soris: liTonuri 
Senadnobis orTqlis kondensaciis, zeCqaruli ionurplazmuri 
dafrqvevis, liTnur nadnobTa swrafad wrTobisa da sxva. 
dReisaTvis upiratesad gamoiyeneba liTonur nadnobTa 
swrafadwrTobis meTodi da am wesiT miRebuli masalisagan 
mzaddeba sxvadasxva zomis Txeli firfitebi, lentebi, mavTulebi 
da fxvnilebi. amorfuli magnituri masalebis Tvisebebi zogadad 
damokidebulia masalis Sedgenilobasa da Termuli damuSavebis 
xarisxze; iyofa or ZiriTad jgufad – magniturrbil da 
magniturxist masalebad. 
     atomTa ganlagebaSi Sorisi wesrigis uqonlobam da 
idealurma atomurstruqturulma da fazurma erTgvarovnebam 
gansazRvra amorfuli magnituri masalebis unikaluri fizikuri, 
meqanikuri, qimiuri da eleqtroteqnikuri Tvisebebis erToblioba. 
amdenad amorfuli masalebi warmoadgenen  mravalfunqcionaluri 
daniSnulebis masalebs. maTi mkveTri magnituri Tvisebebi 
ganpirobebulia imiT, rom  maTSi SeiniSneba domenuri sazRvrebis 
urTierTqmedeba marcvlebis sazRvrebTan da kristaluri gisosis 
defeqtebTan. gansakuTrebiT is garemoeba, rom maT didi magnituri 
SeRwevadoba (µn – 80 000, µmaqs – 300 000 ÷ 700 000 ) axasiaTebT, romlis 
cvlileba naklebadaa damokidebuli sixSireze. isini xasiaTdebian 
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agreTve koherciuli Zalis simciriT (Hc naklebia 0,01 erTeulze), 
marTkuTxovani histerezisis maryuJiT, didi eleqtruli kuTri 
winaRobiT (ρ - 1 ÷ 1,5 omi 
m
mm2
)  gajerebis didi induqciiTa da 
gadamagnitebaze mcire kuTri danakargebiT. amorfuli magnituri 
masalebi agreTve Zlieri korozia, radiacia da cveTamedegobiT 
gamoirCevian. yovelive amis gamo eleqtroteqnikur mrewvelobaSi 
intensiurad daiwyo aRniSnuli magnituri masalebis bazaze 
sxvadasxva mowyobilobebisa da danadgarebis warmoeba. 
        mecnieruli siaxle. naSromis mecnierul siaxles 
warmoadgens is, rom miuxedavad imisa, rom 
amorfulmagniturgulariani transformatorebis warmoeba 
xorcieldeba ufro maRal Zabvebzec maTi gamoyeneba gacilebiT 
gamarTlebulia 10 kv da naklebi Zabvaze. am Zabvaze 
amorfulmagniturgulariani transformatorebis gamoyeneba 
ekonomikurad ufro momgebiania, vidre Cveulebrivi klasikuri  
transformatorebis gamoyeneba. Catarebulia gadaZabvis angariSebi, 
rogorc amorfulmagniturgulariani transformatorebisaTvis, ise 
klasikuri transformatorebisaTvis, kvlevebis safuZvelze 
dadginda, rom amorfulmagniturgularian transformatorebs 
ufro meti medegoba gaaCniaT gadaZabvebis mimarT, vidre klasikur 
transformatorebs. 
   problemis Seswavlis mdgomareoba. saxeldobr dReisaTvis 
amorfuli magnituri masalebi warmatebiT gamoiyeneba, rogorc 
Zalovan, aseve mcire simZlavris transformatorebis, Zravebis, 
meoreuli kvebis wyaroebis, magnituri maZliereblebisa da 
modulatorebis, ferorezonansuli stabilizatorebis, didi 
simZlavris aqtiuri filtrebis, magnituri ekranebis, 
damamaxsovrebeli magnituri mowyobilobebisa da sxva 
eleqtroteqnikuri aparaturis dasamzadeblad. 
       pirveli 200 vt simZlavris amorfulgulariani 
transformatori damzadda germaniaSi da igi gaTvaliswinebuli 
iyo impulsuri stabilizaciiT kvebis wyarosaTvis. misi gulara 
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daxveuli iyo “VITROVAC-4040” markis amorfuli magnituri 
masalisagan damzadebuli lentiT. am transformatoris moculoba 
2-3-jer naklebi aRmoCnda imave simZlavris tradiciuli masalebiT 
damzadebul transformatorebTan SedarebiT. Semdgom igive 
germanul firmaSi intensiuri samuSaoebi gaiSala Zalovani 
transformatorebis dasamzadeblad amorfuli magnituri 
masalebis bazaze. 
  Cveulebriv Zalovan transformatorebTan SedarebiT 
amorfuli “VITROVAC”- magnituri masalebis bazaze damzadebuli 
transformatoris upiratesobas warmoadgens marTkuTxovani 
histerezisis maryuJi da dabali magnituri danakargebi, amorfuli 
masalebi warmoadgens saukeTeso masalas feritebTan SedarebiT. 
“VITROVAC” transformatorebi gamoirCevian SedarebiT ufro 
msubuqi woniT, mcire moculobiT, ufro maRali efeqtiurobiT da 
temperaturuli diapazoniT (“ C120− ”- mde). 
       zemoT naxsenebi upiratesobebidan aRsaniSnavia, is rom am 
tipis transformatorebis mier SesaZlebelia gacilebiT didi 
simZlavris (energiis) gardaqmna, Cveulebriv kristalur 
transformatorebTan SedarebiT. 
    kvlevis mizani da amocanebi: sadisertacio naSromis 
ZiriTadi mizania amorfulmagnitur gulariani da klasikuri 
transformatorebis urTierTSedareba, maTi eleqtruli da 
ekonomikuri maxasiaTeblebis Seswavla da saqarTvelos 
energetikuli sistemisaTvis axali ufro gaumjobesebuli 
danadgarebis damontaJebis SeTavazeba Zveli teqnikis nacvlad.  
     dasaxuli miznis misaRwevad gamoiyo kvlevis 
yvelaze ufro aqtualuri amocanebi:  
  amorfuli masalebisa da maTi warmoebis teqnologiis 
ganxilva.  
  amorfuli masalebisagan damzadebuli transformatorebis 
gularis tipebis ganxilva da maTi daxasiaTeba. 
  transformatorebisa da avtotransformatorebis 
eleqtruli da magnituri maxasiaTeblebis ganxilva.  
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  amorfulmagnitur gulariani da klasikuri 
transformatorebis eleqtruli da ekonomikuri maxasiaTeblebis 
urTierTSedareba.  
  saqarTvelos energetikuli sistemisaTvis axali tipis 
amorfulmagnitur gulariani transformatoriebis damontaJebis 
mizanSewonilobis dasabuTeba.  
      kvlevis sagania amorfulmagnitur gulariani 
transformatorisa da klasikuri transformatoris  eleqtruli 
da ekonomikuri maxasiaTeblebis upiratesobebisa da 
naklovanebebis dadgena da maTi urTierTSedareba.  
     kvlevis Teoriuli da meTodologiuri safuZveli.     
sadisertacio naSromis gegmiT gaTvaliswinebuli sakiTxebis 
kvleva moxda mecnieruli analizis safuZvelze. kvlevis dros 
gamoyenebul iqna adgilobrivi da ucxoeli avtorTa 
fundamentaluri naSromebi. Cvens mier Sesrulebuli naSromi  
efuZneba sakvlevi obieqtis kompleqsur, sistemur midgomas. zemoT 
CamoTvlil problemaTa analizisas vaxdenT calkeul movlenaTa 
sinTezs da analizs, rasac mivaRwieT sistemuri meTodologiisa 
da deduqciuri midgomis safuZvelze.  
      naSromSi gamoyenebuli sainformacio masala eyrdnoba firma 
ABB-sa da Siemens-is monacemebsa da saqarTvelos teqnikur 
universitetTan arsebuli struqturuli kvlevis centris bazaze 
Catarebuli amorfuli lentis gamokvlevis masalebs.  
         kvlevis mecnieruli Sedegebi mdgomareobs SemdegSi:  
  damuSavebulia transformatorebis eleqtruli da 
ekonomikuri maxasiaTeblebis angariSis meTodebi;  
  gamokvleulia transformatorebis bazris 
infrastruqtura msoflio masStabiT. dadgenilia 
transformatorebis bazris formirebis;  
  gamokvleuli da gaanalizebulia transformatorebis  
moTxovna-miwodebaze moqmedi faqtorebi da moTxovna-miwodebis 
arsebuli mdgomareoba;  
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  amorfulmagnitur gulariani da klasikuri 
transformatorebis ekonomikuri da eleqtruli maxasiaTeblebis 
angariSisa da urTierTSedarebis safuZvelze Sedgenilia 
transformtorebis maxasiaTeblebis saangariSo maTemaTikuri 
modeli ;  
  amorfulmagnitur gulariani da klasikuri 
transformatorebis ekonomikuri da eleqtruli maxasiaTeblebis 
angariSisa da urTierTSedarebis safuZvelze Camoyalibebulia da 
dasabuTebulia daskvnebi da rekomendaciebi amorfulmagnitur 
gulariani transformatorebis gamoyenebis efeqturobis Sesaxeb.  
      naSromis praqtikuli mniSvneloba. naSromSi moyvanili 
transformatorebis eleqtruli da ekonomikuri maxasiaTeblebis 
angariSis meTodebi da Sedgenili angariSis maTemaTikuri modeli 
SeiZleba gamoyenebul iqnas rogorc studentebisaTvis, aseve 
magistrantebis momzadebisaTvis. kvlevaSi mocemuli masala 
daexmareba, rogorc saxelmwifo, ise kerZo energetikul kompaniebs 
teqnikuri da ekonomikuri maCveneblebis gaumjobesebaSi.  
      naSromis aprobacia. sadisertacio naSromis ZiriTadi 
debulebebi da Sedegebi gamoqveynebulia samecniero statiebis 
saxiT referirebad da recenzirebad saerTaSoriso JurnalebSi.  
        სადისერტაციო ნაშრომის ძირითადი შედეგები მოხსენებული 
იყო: 
•   საქართველოს ტექნიკური უნივერსიტეტის საერთაშორისო 
სამეცნიერო-ტექნიკურ კონფერენციაზე: „ამორფულმაგნიტურ გულარიანი 
ტრანსფორმატორები“ თბილისი 2009. 
• საქართველოს ტექნიკური უნივერსიტეტის #17 მიმართულების 
სხდომებზე და თემატურ სემინარებზე. 
     disertaciis moculoba da struqtura. sadisertacio 
naSromi moicavs 130 gverds da Sedgeba Sesavlis, oTxi Tavis, 
daskvnis, gamoyenebuli literaturis siisa da danarTisagan. 
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ლიტერატურის მიმოხილვა 
 
1.  g. maxaraZe, v. begiaSvili, b. darCia “eleqtruli energiis 
gadacema da ganawileba” Tbilisi 2006 w. 
 
     wigni Sedgeba 8 Tavisagan da masSi ganxilulia, rogorc 
eleqtruli energiis warmoeba-gadacemis procesis 
damaxasiaTebeli gansakuTrebuli teqnologiuri 
Taviseburebebi,  ise eleqtruli qselis ZiriTadi elementebi 
da maTi maxasiaTebeli parametrebi; Soreuli 
eleqtrogadacemis Taviseburebebi da eleqtrogadacemis 
ubnis reZimis parametrebis gaangariSeba; eleqtruli qselis 
reJimebis parametrebis gaangariSeba; eleqtruli energiis 
xarisxi da misi uzrunvelyofa; eleqtruli energiis 
danakargebi da maTi Semcirebis RonisZiebebi. 
 
 
2. v. metreveli, T. TxeliZe, g. maxaraZe, z. babunaSvili 
“Zalovani transformatorebi”, Tbilisi 2002w. 
 
          saxelmZRvanelo Sedgeba 4 Tavisagan da gankuTvnilia 
maRali Zabvis danadgarebis momsaxure inJiner-teqnikuri 
personalisa da eleqtroenergetikuli fakultetis 
studentebisaTvis.  
          Zalovani transformatorebisa da 
avtotransformatorebis Sesaxeb arsebobs didi raodenobis 
liTeratura. wignebi specializirdeba im TvalsazrisiT, 
rom zogierT maTganSi mocemulia transformatorebis 
Teoria, aRwerilia maTi konstruqciebi da gamoyenebuli 
masalebi; zogierTSi – ki aRwerilia maTi releuri dacva. 
aris wignebi, sadac ganxilulia transformatorebis 
dazianebebi da remonti. 
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          winamdebare saxelmZRvaneloSi warmodgenilia 
transformatorebis konstruqciuli Sesruleba. detalurad 
aris naCvenebi transformatoris Semadgeneli yvela 
ZiriTadi nawili. ganxilulia transformatorebis 
eleqtruli parametrebi, muSaobis reJimebi da sxv. 
 
 
3. И. Долгинов ″Техника высоких напряжений в электроэнергетике″ Mocква    
1968 Г. 
 
     wigni Sesdgeba 7 nawilisagan da 28 Tavisagan. wignSi 
ganxilulia, rogorc atmosferuli ise komutaciuri 
gadametZabvebi. maTi warmoqmnis albaToba da gadametZabvis 
Semcirebis RonisZiebebi.  
     sul ufro aqtualuri xdeba maRali Zabvis danadgarebis 
izolaciaze eqspluataciis pirobebSi warmoSobili 
gadametZabvis Seswavla da maTgan dacvis saSualebebis 
daxvewa. 
      danadgaris izolaciaze SeiZleba warmoiSvas Sinagani 
gadametZabva. aseTi saxis Zabva Cndeba gadamcemi xazebisa da 
eleqtruli danadgarebis CarTva-gamorTvis, eleqtruli 
sistemebis arasimetriuli reJimebisa da avariuli pirobebis 
dros, sistemaSi rezonansuli movlenebis warmoqmnisas da 
sxva. 
     atmosferuli daclebis (mexis daclebis) Sedegad 
warmoiSveba atmosferuli gadametZabvebi. am 
saxelmZRvaneloSi ganxilulia atmosferuli da Sinagani 
gadametZabvis SezRudvisa da Tavidan acilebis RonisZiebebi. 
 
 
4. T. Jvania, z. babunaSvili “maRali Zabvis teqnika 
eleqtroenergetikaSi”, Tbilisi 2002 w 
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        winamdebare saxelmZRvanelo gankuTvnilia 
eleqtroenergetikisa da eleqtroteqnikuri fakultetis 
studentebisaTvis. aq ganxilulia iseTi aucilebeli 
sakiTxebi, rogorebicaa maRali Zabvis danadgarebis 
izolacia; atmosferuli da Sinagani gadametZabva, maTgan 
dacvis saSualebebi; maRali Zabvis laboratoriebSi 
gamoyenebuli gamosacdeli danadgarebi da sxv. 
        wigni Sesdgeba 5 nawilisagan da 8 Tavisagan. 
TiToeul TavSi ganxilulia eleqtruli energiis 
momxmareblebisaTvis energiis uwyveti miwodebis 
damokidebuleba maRali Zabvis eleqtruli sistemebisa da 
danadgarebis muSaobis saimedoobaze. 
 
 
5. S. naWyebia, n. gvaramaZe “amorfulmagnitur gulariani 
transformatorebi”, Jurnali energia # 4 (48), 2008 w. 
 
      statiaSi ganxilulia amorfuli masalebis saxeobebi, 
miRebis teqnologia da amorfuli liTonis 
satransformatoro upiratesobebi. warmodgenilia 
amorfulmagnitur gulariani transformatorebis gularis 
zomebi. amorfulmagnitur gulariani transformatorebis 
satransformatoro upiratesobebi da sxv. 
 
 
6. S. naWyebia, n. gvaramaZe “uqm svlaze momuSave 10 kv Zabvis 
klasikuri transformatorisa da amorfulmagnitur 
gulariani transformatoris gamorTviT gamowveuli 
gadametZabvebis urTierTSedareba”, Jurnali energia #4 (52)-2 
2009 w. 
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      statiaSi ganxilulia amorfulmagnitur gulariani 
transformatorebisa da klasikuri transformatorebis 
urTierTedareba komutaciuri gadametZabvis dros. 
warmodgenilia eleqtruli maxasiaTeblebis angariSi da 
miRebuli Sedegebis urTierTSedareba amorfulmagnitur 
gulariani transformatorebisa da klasikuri 
transformatorebisaTvis. 
      
7. z. babunaSvili, n. gvaramaZe, g. arziani “ferorezonansi”,  
Jurnali “energia” #2 (50)-1, 2009 w   
  
      statiaSi ganxilulia komutaciuri gadametZabva, 
romelsac adgili aqvs ferorezonansis movlenis dros. 
warmodgenilia ferorezonansis angariSi da miRebuli 
Sedegebis analizi; daskvnebi da rekomendaciebi 
ferorezonansis movlenis Tavidan asacileblad.  
  
  
8. S. naWyebia, n. gvaramaZe “klasikuri transformatorisa da 
amorfulmagnitur gulariani transformatoris eleqtruli, 
magnituri da ekonomikuri maxasiaTeblebis 
urTierTSedareba”, Jurnali “energia” # 2 (54), 2010 w.  
   
    statiaSi ganxilulia amorfulmagnitur gulariani 
transformatorebisa da klasikuri transformatorebis 
urTierTedareba eleqtruli, magnituri da ekonomikuri 
maxasiaTeblebis mixedviT. warmodgenilia eleqtruli 
magnituri, ekonomikuri maxasiaTeblebis angariSi da 
miRebuli Sedegebis urTierTSedareba amorfulmagnitur 
gulariani transformatorebisa da klasikuri 
transformatorebisaTvis.  
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9. e. quTelia, S. naWyebia “amorfuli magnituri masalebi”, 
Jurnali “mecniereba da teqnika” 1994 w  
  
           statiaSi ganxilulia amorfuli magnituri masalebis 
(amm) struqtura da magnituri Tvisebebi. agreTve moyvanilia 
amorfli lentis speqtruli, rentgenografiuli da  
eleqtromikroskopiuli analizis Sedegebi.  
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შედეგები და მათი განსჯა 
 
aRniSnul naSromSi ganxilulia amorfuli masalebis 
damzadebis teqnologia da maTi struqtura, Catarebuli iqna 
amorfuli lentis mikroskopiuli analizi da rendgenografia. 
amorfuli masalis maxasiaTeblebis safuZvelze Catarebuli iqna 
sxvadasxva saxis angariSebi, romlebic adastureben 
amorfulgulariani transformatorebis upiratesobas sxva, maT 
Soris klasikuri tipis transformatorebTan SedarebiT. 
 
amorfulmagnitur gulariani da klasikuri 
transformatoris urTierTSedarebis Sedegad dadginda, rom 
komutaciuri gadametZabvis SemTxvevaSi gadametZabvis sidide 
amorfulmagnitur gularian transformatorebze gadametZabvis 
sidide daaxloebiT 2,4 –jer naklebia klasikuri 
transformatorTan SedarebiT.  
 
amorfulmagnitur gulariani transformatorebi 
xasiaTdebian mcire gabaritebiTa da maRali m.q.k.-Ti, rac 
upiratesobas aniWebs maT sxva tipis transformatorebTan 
SedarebiT. 
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ექსპერიმენტული ნაწილი 
Catarebulia amorfuli lentis rentgenografiuli, 
speqtroskopiuli da eleqtronul-mikroskopiuli analizi. agreTve 
Seswavlili iqna amorfuli masalebis struqturis cvlileba maTi 
gaxurebis safuZvelze. gadametZabvis saangariSo programiT 
“ATPDraw” Catarebuli iqna amorfuli transformatoris 
modelireba, riTac Semowmda misi medegoba komutaciuri 
gadametZabvebis mimarT. Sedgenili iqna amorfuli 
transformatoris saangariSo maTematikuri modeli, romliTac 
SesaZlebelia transformatoris sapasporto monacemebis 
safuZvelze misi sxvadasxva maxasiaTeblebis gamoTvla. 
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I Tavi 
amorfuli masalebis daxasiaTeba 
 
 transformatoris  gularisaTvis masalis SerCeva 
warmoadgens erT-erT umTavres amocanas transformatoris 
damzadebisas. mniSvnelovania, rom am masalas hqondes kargi 
magnituri da meqanikuri Tvisebebi. arsebobs liTonebis didi 
asortimenti, romlTa gamoyenebac SeiZleba transformatorebSi. 
yvela liTons aqvs gavlena transformatoris mqk-sa da mis masa-
gabaritebze. liTonis SerCeva damokidebulia uqmi svlis 
danakargebze da srul TviTRirebulebaze. dReisaTvis TiTqmis 
yvela transformatoris mwarmoebeli iyenebs folads TavianTi 
transformatorebis gularisaTvis, romelic uzrunvelyofs 
danakargebis simcires histerezisze da uqmi svlaze. maRali 
gamtarunarianobis misaRwevad TiTqmis yovelTvis gamoiyeneba 
civad naglini foladi. masalebis ganviTareba da daxvewa, 
romlebic gamoiyenebian transformatorebSi moyvanilia qvemoT. 
 
 
 
sxvadassxva qveynebSi momuSave amorfuli 
 
transformatorebi 
 
aSS                  2 milionze meti erTeuli muSaobs 
iaponia                 amJamad muSaobs 300 000-ze meti erTeuli   
indoeTi                amJamad muSaobs 56 000-ze meti erTeuli   
                         energetikis saministros mier 
rekomendirebulia                      
amorfuli transformatorebis SeZena 
filipinebi             amJamad muSaobs 22 000-ze meti erTeuli   
tailandi amJamad muSaobs 1 000-ze meti erTeuli  
taivani amJamad muSaobs 5 250-ze meti erTeuli  
bangladeSi amJamad muSaobs 14 900-ze meti erTeuli  
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CineTi amJamad muSaobs 100 000-ze meti erTeuli   
 amorfuli transformatoris 30 %-is SeZena 
rekomendirebulia yvela regionisaTvis. 
 
 
amorfuli transformatorebis istoria da amJamindeli 
 mdgomareoba mTeli msoflios masStabiT 
 
1967 w       msoflioSi pirvelad aRmoaCines amorfuli Senadnobi 
1975 w  “Alliedsignal” korporaciam (aSS) daiwyo amorfuli 
Senadnobis warmoeba 
1979 w “Alliedsignal”  korporaciam (aSS) warmoebaSi CauSva 15 
kva-iani amorfuli transformatori 
1980 w orma iaponurma kompaniam, maT Soris “Mitsubish”_ma 
gamouSves erTfaza zeTiT Sevsebuli amorfuli 
transformatori 
1985 w “General Electric” (GE) (aSS) gamouSva 1000 erTeuli 
amorfuli transformatori 
1986 w “General Electric” (GE) (aSS) daiwyo amorfuli 
transformatorebis gayidva (realizacia) 
1995 w 500 000-ze meti amorfuli transformatori iyideba 
msoflio bazarze 
1997 w      “Alliedsignal” korporaciam (aSS) SeimuSava amorfuli 
             Senadnobis 
1998 w       “Dyna-power” korporacia (aSS) 
1999 w       “Hitachi” korporacia (iaponia) 
2005 w  “Hitachi”-im (iaponia) SeimuSava axali Taobis 
amorfuli liTonis lenti (mcire xmauri, 
miniaturizacia) 
amJamad  amorfuli transformatorebi, rogorc komerciulad 
momgebiani transformatorebi iyideba msoflio 
bazarze (25 000 kva) 
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nax. 1  – amorfuli liTonisagan damzadebuli transformatoris 
ganviTarebis istoria 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
34 
cxrili # 1 - 1994 wlis monacemebis mixedviT Sedgenili cxrili 
(miRebulma danazogma molodins gadaaWarba)  
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1.1. amorfuli liToni 
arsebobs ori ZiriTadi masala, romelic gamoiyeneba 
transformatorebis gularis dasamzadeblad: amorfuli liToni 
da civad naglini foladi. uqmi svlis danakargebi amorful 
gularaSi Seadgens civad naglini foladisagan damzadebuli 
transformatoris gularis uqmi svlis danakargebis 25%-s. 
      amorfuli liToni aris mravalfunqciuri masala, romelic 
warmoadgens Fe (rkina), B (bori), Si (siliciumi) da sxva 
nivTierebebis Senadnobs. misi miReba xdeba liTonur nadnobTa 
swrafad wrTobis (106 oC/wm) meTodis saSualebiT. 
      amorfuli magnituri masalebis Tvisebebi zogadad 
damokidebulia masalis Sedgenilobasa da Termuli damuSavebis 
xarisxze; iyofa or ZiriTad jgufad – magniturrbil da 
magniturxist masalebad. [l. 9]  
 
 
 
 
 
nax. 2 – amorfuli liTonisa da foladis struqturis 
urTierTSedareba 
 
• amorful struqturaSi atomebi ganlagebulia qaosurad 
(mouwesrigebeli struqtura) 
• im upiratesobis gamo, rasac warmoadgens magnituri velis 
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cvlilebiT atomTa advili mobruneba, amorfuli masala 
ufro kargad amcirebs danakargebs vidre Cveulebrivi 
foladi kristaluri struqturiT. 
• amorful liTons aqvs maRali winaRoba (3-jer meti vidre 
folads) da Txeli sisqe (daaxloebiT foladis erTi 
meaTedi, amorfuli masala xels uwyobs uqmi svlis 
danakargebis Semcirebas). 
 
 
1.2. amorfuli lენტი 
 
      specifiuri teqnologiebi saSualebas iZleva amorfuli 
Senadnobebi damzaddes lentebis saxiT 40 mkm-ze mcire sisqis (25 ± 
5 mkm) da mikrosadenebi damzaddes metalis ZarRvis toli 
diametris 5-dan ramdenime aTeul mkm-mde. 
      lentis formis amorfuli masalebis dasamzadeblad 
Cveulebrivad iyeneben gacivebis meTods, romlis drosac Txevadi 
liTonis nakadi garkveuli siswrafiT miemarTeba mbrunavi 
cilindris zedapirze, romelic damzadebulia maRali 
siTbogamtarobis mqone masalisagan. 
 
 
nax. 3– amorfuli lentis miRebis procesi 
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      amorfuli Senadnobebi garkveul temperaturaze gaxurebis 
dros gadadian kristaur mdgomareobaSi (kristalizirdebian). 
amorfuli masalisagan damzadebuli mowyobilobebis stabiluri 
muSaobisaTvis, aucilebelia, rom danadgaris (Senadnobis) 
temperaturam ar gadaaWarbos  muSa maqsimalur temperaturas 
( TmuSa. maqs ). 
      dReisaTvis upiratesad gamoiyeneba amorful magnituri 
Senadnobebi, romlebic Serwymulia maRali magnituri da 
meqanikuri Tvisebebi. [l. 6]        
 
a)                     b)                              g) 
nax. 4. 
 
Senadnobis          miRebis procesi (b)          amorfuli lenti (g) 
saerTo xedi (a)     
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nax. 5 - avtomatizirebuli dazga magnitogamtarebis dasaxvevad 
"Модуль-30" 
 
 
 
nax. 6 –amorfuli lenti 
 
 amorfuli lentis sigane 3-dan 80 mm-mdea. 
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     Termulad damuSavebuli lentis tipiuri magnituri da 
fizikuri maxasiaTeblebia: 
cxrili # 2- amorfuli lentis magnituri da fizikuri               
maxasiaTeblebi 
 
 
maxasiaTeblebi 
 
ganzomileba 
 
amorfuli 
liToni 
 
civad naglini 
foladi (cnf) 
simkvrive 
 
(g/sm3) 7.15 7.65 
kuTri 
winaRoba 
 
 130.00  45.00 
gajerebis 
induqciuroba 
 
 
(tesla)  
 
1.56  
 
2.03 
gularis 
tipiuri 
danakargebi (50 
hercis da 1,4 
teslas dros) 
 
 
vt/kg  
 
 0.20  
 
0.90 
sisqe 
 
mm  0.025  0.27 
gaJRenTvis 
koeficienti 
 
  
0.86 
 
0.97 
simyife 
 
 maRali dabali 
forma  lenti/folga 
(standartuli 
zomebi - 142.2 
mm, 
172.2 mm da 
213.4 mm) 
furclovani/ruloni 
mowvis 
temperatura 
 
°C 360 810 
airi, 
romelSic 
xdeba mowva 
 
 inertuli 
airi 
inertuli airi 
specialuri 
moTxovnebi 
mowvisaTvis 
 
 magnituri 
velis mowva 
 
- 
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lentis maxasiaTeblebi lentis nimuSis Termiuli damuSavebis 
Semdeg xelmeored  gamoicdebian.  moTxovnili magnituri 
maxasiaTeblebis miRebisaTvis amorfuli lentisagan damzadebuli 
nakeTobebi saWiroeben aucilebel Termiul an Termomagnitur 
damuSavebas.  Termiuli damuSavebis gareSe gamoiyeneba  amorfuli 
lenti, romelic damzadebulia mxolod kobaltis bazaze da 
romelic gamoiyeneba magnituri ekranebisaTvis 
(transformatorebSi am tipis amorfuli lentebis gamoyeneba ar 
xdeba). 
     amorfuli liTonisagan damzadebuli lenti warmoadgens 
masalas, romelic Tavisi struqturiT Zalian hgavs minas da ar 
gaaCnia kristaluri meseri. lintis miReba xdeba civ zedapirze 
liTonur nadnobTa swrafadwrTobis meTodiT. miRebuli lentis 
sisqe aris 20-30 mkm da  misi Termiuli damuSavebis temperatura 
420-460 °C –ia. [l. 9]        
 
 
1.3. amorfuli masalis Sedgenilobis mikrorentgenul-
speqtruli analizi 
 
      saqarTvelos teqnikur universitetTan arsebul 
struqturuli kvlevis centrSi ganxorcielda amorfuli 
magnituri masalisagan damzadebuli lentis nimuSebis 
struqturuli analizi da zogierTi sxva fizikuri Tvisebebis 
Semowmeba. gadaRebuli iqna eleqtrograma, sadac daimzireba ori-
sami difuziuri halo (nax. 7), romelTa naxevarsiganis mixedviT  
gamoangariSebuli koherentuli gabnevis areebis zomebi Seesabameba     
 
–s miRebuli iqna nimuSis maRali garCevis eleqtro 
mikroskopuli gamosaxuleba (nax 8),  romelic masalis amorful 
aRnagobas adasturebs. [l. 9]        
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nax. 7 - amorfuli masalisagan damzadebuli lentis eleqtrograma 
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nax. 8 - nimuSis eleqtromikroskopuli gamosaxuleba (romelic 
adasturebs masalis amorful aRnagobas) 
 
 
      agreTve gadaRebuli iqna amorfuli magnituri masalebis 
rentgenodifraqtrograma (nax. 9) da rastruli 
eleqtronulmikroskopuli gamosaxuleba (nax. 10). 
  
 
 
 
nax.   9 - amorfuli lentis rentgenodifragtograma 
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nax. 10 - amorfuli lentis rastruli eleqtromikroskopiuli 
gamosaxuleba 
 
     
 nimuSis texiT Semowmda misi mikroplastikuri xasiaTi (nax. 11).  
 
 
 
 
nax. 11- masalis mikroplastikuri xasiaTis Semowmeba 
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cx. # 3 - magnituri amorfuli masalis ZiriTadi parametrebi  
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AMAГ 
- 183  
0,7; 1;  0.015     350°   1.2 – 1.5  7.7  0.7        2.4  525°  
2;  4;  6;  
8;  10;  0.020  
12;  14;  
16;  
AMAГ 
- 325  
0,7; 1;    0.015     535°   1.2 – 1.5  7.3  1.45        5.6  555°  
2;  4;  6;  
8;  10;    0.020  
12;  14;  
16;  
ЭКСР 10;  20  0.025  460°  1.2  7.3  1.61  14  520°  
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II Tavi 
 
amorfulmagnitur gulriani transformatoris 
daxasiaTeba 
 
2.1. gularis dizaini da zomebi 
 
 
      standartuli gamoSvebebis garda xelmisawvdomia agreTve 
ovaluri an marTkuTxa formis gularebi.  
 
 
 
 
nax. 12 - gularis dizaini 
 
     SesaZlebelia transformatoris gularebis SerCeva 100 - dan 
40000 vati da zemoT. 
       amorfuli lentisagan damzadebuli magnitogamtarebi 
gamoirCevian, imiT rom SesaZlebelia sxvadasxva sisqis lentebis 
gamoyeneba (ramodenime mikrometramde), rac xels uwyobs maT 
gamoyenebas maRalsixSirul transformatorebSi. amorfuli 
lentisagan damzadebul magnitogamtarebs ukeTesi meqanikuri da 
fizikuri Tvisebebi gaaCniaT feritebisagan damzadebul 
magnitogamtarebTan SedarebiT. amorful masalebs aqvT ukeTesi 
magnituri maxasiaTeblebi civad naglini foladisagan damzadebul 
magnitogamtarebTan SedarebiT, romlebic gamoirCevian ufro meti 
danakargebiT, sahaero RreCos arsebobiT da damzadebis mcire 
RirebulebiT. 
      konstruqciis mixedviT amzadeben: Rerovani, javSniani, da 
rgoliseburi (toroidaluri) tipis magnitogamtarebs. 
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Rerovani magnitogamtarebi 
 
      Rerovan magnitogamtarebSi xviebi ganlagebulia or Reroze. 
amasTan mcirdeba daxvevis sisqe da Sesabamisad transformatoris 
gabnevis (gafantvis) induqciuroba mcirdeba. garda amisa mcirdeba 
sadenis (gamtaris) xarji da izrdeba gacivebis zedapiri, rac 
mniSvnelovania didi simZlavris transformatorebisaTvis. 
 
 
 
nax. 13 - Rerovani magnitogamtari 
 
 
 
cxrili # 4 - amorfuli lentisagan damzadebuli Π-seburi    
magnitogamtarebi  
    
 
 
  
ПЛМ  tipis magnitogamtari 
 
magnitogamtaris aRniSvna da tipiuri 
zomebi  
zomebi , mm 
a b c h 
ПЛМ 20Х32Х28 20.0 32.0 19.0 28.0 
ПЛМ 20Х32Х36 20.0 32.0 19.0 36.0 
ПЛМ 20Х32Х46 20.0 32.0 19.0 46.0 
ПЛМ 20Х32Х58 20.0 32.0 19.0 58.0 
ПЛМ 25Х40Х36 25.0 40.0 24.0 36.0 
ПЛМ 25Х40Х46 25.0 40.0 24.0 46.0 
ПЛМ 25Х40Х58 25.0 40.0 24.0 58.0 
ПЛМ 25Х40Х73 25.0 40.0 24.0 73.0 
ПЛМ 32Х50Х46 32.0 50.0 30.0 46.0 
ПЛМ 32Х50Х58 32.0 50.0 30.0 58.0 
ПЛМ 32Х50Х73 32.0 50.0 30.0 73.0 
ПЛМ 32Х50Х90 32.0 50.0 30.0 90.0 
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ПЛ tipis magnitogamtari 
 
magnitogamtaris aRniSvna da tipiuri 
zomebi  
zomebi , mm 
a b c h 
ПЛ 6,5х12,5х8 6.5 12.5 8.0 8.0 
ПЛ 6,5Х12,5Х10 6.5 12.5 8.0 10.0 
ПЛ 6,5Х12,5Х12,5 6.5 12.5 8.0 12.5 
ПЛ 6,5Х12,5Х16 6.5 12.5 8.0 16.0 
ПЛ 8х12,5х12,5 8.0 12.5 10.0 12.5 
ПЛ 8Х12,5Х16 8.0 12.5 10.0 16.0 
ПЛ 8Х12,5Х20 8.0 12.5 10.0 20.0 
ПЛ 8Х12,5Х25 8.0 12.5 10.0 25.0 
ПЛ 10Х12,5Х20 10.0 12.5 12.5 20.0 
ПЛ 10Х12,5Х25 10.0 12.5 12.5 25.0 
ПЛ 10Х12,5Х32 10.0 12.5 12.5 32.0 
ПЛ 10Х12,5Х40 10.0 12.5 12.5 40.0 
ПЛ 12,5Х16Х25 12.5 16.0 16.0 25.0 
ПЛ 12,5Х16Х32 12.5 16.0 16.0 32.0 
ПЛ 12,5Х16Х40 12.5 16.0 16.0 40.0 
ПЛ 12,5Х16Х50 12.5 16.0 16.0 50.0 
ПЛ 12,5Х25Х32 12.5 25.0 20.0 32.0 
ПЛ 12,5Х25Х40 12.5 25.0 20.0 40.0 
ПЛ 12,5Х25Х50 12.5 25.0 20.0 50.0 
ПЛ 12,5Х25Х60 12.5 25.0 20.0 60.0 
ПЛ 16Х32Х40 16.0 32.0 25.0 40.0 
ПЛ 16Х32Х50 16.0 32.0 25.0 50.0 
ПЛ 16Х32Х65 16.0 32.0 25.0 65.0 
ПЛ 16Х32Х80 16.0 32.0 25.0 80.0 
ПЛ 20Х40Х50 20.0 40.0 32.0 50.0 
ПЛ 20Х40Х60 20.0 40.0 32.0 60.0 
ПЛ 20Х40Х80 20.0 40.0 32.0 80.0 
ПЛ 20Х40Х100 20.0 40.0 32.0 100.0 
ПЛ 25Х50Х65 25.0 50.0 40.0 65.0 
ПЛ 25Х50Х80 25.0 50.0 40.0 80.0 
ПЛ 25Х50Х100 25.0 50.0 40.0 100.0 
ПЛ 25Х50Х120 25.0 50.0 40.0 120.0 
ПЛ 32Х64Х80 32.0 64.0 50.0 80.0 
ПЛ 32Х64Х100 32.0 64.0 50.0 100.0 
ПЛ 32Х64Х130 32.0 64.0 50.0 130.0 
ПЛ 32Х64Х160 32.0 64.0 50.0 160.0 
ПЛ 40Х80Х100 40.0 80.0 64.0 100.0 
ПЛ 40Х80Х120 40.0 80.0 64.0 120.0 
ПЛ 40Х80Х160 40.0 80.0 64.0 160.0 
ПЛ 40Х80Х200 40.0 80.0 64.0 200.0 
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ПЛР  tipis magnitogamtari 
magnitogamtaris aRniSvna da tipiuri 
zomebi 
zomebi , mm 
a b c h 
ПЛР 10Х12,5 10.0 12.5 8.0 32.0 
ПЛР 10Х16 10.0 16.0 8.0 32.0 
ПЛР 10Х20 10.0 20.0 8.0 32.0 
ПЛР 10Х25 10.0 25.0 8.0 32.0 
ПЛР 12,5Х12,5 12.5 12.5 10.0 40.0 
ПЛР 12,5Х16 12.5 16.0 10.0 40.0 
ПЛР 12,5Х25 12.5 25.0 10.0 40.0 
ПЛР 12,5Х32 12.5 32.0 10.0 40.0 
ПЛР 14Х12,5 14.0 12.5 11.5 45.0 
ПЛР 14Х16 14.0 16.0 11.5 45.0 
ПЛР 14Х20 14.0 20.0 11.5 45.0 
ПЛР 14Х25 14.0 25.0 11.5 45.0 
ПЛР 14Х32 14.0 32.0 11.5 45.0 
ПЛР 14Х36 14.0 36.0 11.5 45.0 
ПЛР 16Х12,5 16.0 12.5 16.0 60.0 
ПЛР 16Х16 16.0 16.0 16.0 60.0 
ПЛР 16Х20 16.0 20.0 16.0 60.0 
ПЛР 16Х25 16.0 25.0 16.0 60.0 
ПЛР 16Х32 16.0 32.0 16.0 60.0 
ПЛР 16Х40 16.0 40.0 16.0 60.0 
ПЛР 18Х16 18.0 16.0 18.0 71.0 
ПЛР 18Х20 18.0 20.0 18.0 71.0 
ПЛР 18Х25 18.0 25.0 18.0 71.0 
ПЛР 18Х32 18.0 32.0 18.0 71.0 
ПЛР 18Х40 18.0 40.0 18.0 71.0 
ПЛР 18Х45 18.0 45.0 18.0 71.0 
ПЛР 21Х20 21.0 20.0 25.0 85.0 
ПЛР 21Х25 21.0 25.0 25.0 85.0 
ПЛР 21Х32 21.0 32.0 25.0 85.0 
ПЛР 21Х36 21.0 36.0 25.0 85.0 
ПЛР 21Х40 21.0 40.0 25.0 85.0 
ПЛР 21Х45 21.0 45.0 25.0 85.0 
ПЛР 22Х32 22.0 32.0 21.0 58.0 
ПЛР 25Х20 25.0 20.0 28.0 100.0 
ПЛР 25Х25 25.0 25.0 28.0 100.0 
ПЛР 25Х32 25.0 32.0 28.0 100.0 
ПЛР 25Х36 25.0 36.0 28.0 100.0 
ПЛР 25Х40 25.0 40.0 28.0 100.0 
ПЛР 25Х45 25.0 45.0 28.0 100.0 
ПЛР 25Х50 25.0 50.0 28.0 100.0 
ПЛР 26Х45 26.0 45.0 40.0 100.0 
ПЛР 28Х20 28.0 20.0 32.0 120.0 
ПЛР 28Х25 28.0 25.0 32.0 120.0 
ПЛР 28Х32 28.0 32.0 32.0 120.0 
ПЛР 28Х36 28.0 36.0 32.0 120.0 
ПЛР 28Х40 28.0 40.0 32.0 120.0 
ПЛР 28Х45 28.0 45.0 32.0 120.0 
ПЛР 28Х50 28.0 50.0 32.0 120.0 
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javSniani magnitogamtarebi 
 
      javSnian magnitogamtarebSi xviebi ganlagebulia centralur 
Reroze, rac amartivebs konstruqcias, CarCos ukeTesad gamoyenebis 
saSualebas iZleva da nawilobriv qmnis gragnilis dacvas 
(izolacias) meqanikuri zemoqmedebisagan. javSnian 
magnitogamtariani transformatoris nakls warmoadgens, misi 
momatebuli mgrZnobiaroba dabali sixSiris magnituri velebis 
zemoqmedebis mimarT. es zRudavs javSnian magnitogamtariani 
transformatoris gamoyenebas.  
      
 
 
nax. 14 - javSniani magnitogamtari 
 
 
cxrili # 5 - amorfuli lentisagan damzadebuli Ш -seburi 
magnitogamtarebi  
 
 
ШЛП tipis magnitogamtari 
magnitogamtaris aRniSvna da tipiuri 
zomebi 
zomebi , mm 
a b c h 
ШЛП3х12,5 1.5 12.5 3.0 13.0 
ШЛП3х16 1.5 16.0 3.0 13.0 
ШЛП3х20 1.5 20.0 3.0 13.0 
ШЛП4х12,5 2.0 12.5 4.0 20.0 
ШЛП4х16 2.0 16.0 4.0 20.0 
ШЛП4х20 2.0 20.0 4.0 20.0 
ШЛП4х25 2.0 25.0 4.0 20.0 
ШЛР5х16 2.5 16.0 5.0 20.0 
ШЛР5х20 2.5 20.0 5.0 20.0 
ШЛР5х25 2.5 25.0 5.0 20.0 
ШЛ     
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ШЛО tipis magnitogamtari 
magnitogamtaris aRniSvna da tipiuri 
zomebi 
zomebi , mm 
a b c h 
ШЛО 4Х5 2.0 5.0 6.0 13.0 
ШЛО 4Х6,5 2.0 6.5 6.0 13.0 
ШЛО 4Х8 2.0 8.0 6.0 13.0 
ШЛО 4Х10 2.0 10.0 6.0 13.0 
ШЛО 4Х12,5 2.0 12.5 6.0 13.0 
ШЛО 4Х16 2.0 16.0 6.0 13.0 
ШЛО 5Х5 2.5 5.0 8.0 16.0 
ШЛО 5Х6,5 2.5 6.5 8.0 16.0 
ШЛО 5Х8 2.5 8.0 8.0 16.0 
ШЛО 5Х10 2.5 10.0 8.0 16.0 
ШЛО 5Х12,5 2.5 12.5 8.0 16.0 
ШЛО 5Х16 2.5 16.0 8.0 16.0 
ШЛО 6Х6,5 3.0 6.5 10.0 22.0 
ШЛО 6Х8 3.0 8.0 10.0 22.0 
ШЛО 6Х10 3.0 10.0 10.0 22.0 
ШЛО 6Х12,5 3.0 12.5 10.0 22.0 
ШЛО 6Х16 3.0 16.0 10.0 22.0 
ШЛО 6Х20 3.0 20.0 10.0 22.0 
ШЛО 8Х8 4.0 8.0 12.0 27.0 
ШЛО 8Х10 4.0 10.0 12.0 27.0 
ШЛО 8Х12,5 4.0 12.5 12.0 27.0 
ШЛО 8Х16 4.0 16.0 12.0 27.0 
ШЛО 10Х10 5.0 10.0 15.0 32.0 
ШЛО 10Х12,5 5.0 12.5 15.0 32.0 
ШЛО 10Х16 5.0 16.0 15.0 32.0 
ШЛО 10Х20 5.0 20.0 15.0 32.0 
ШЛО 12Х12,5 6.0 12.5 20.0 44.0 
ШЛО 12Х16 6.0 16.0 20.0 44.0 
ШЛО 12Х20 6.0 20.0 20.0 44.0 
ШЛО 12Х25 6.0 25.0 20.0 44.0 
ШЛО 16х16 8.0 16.0 24.0 54.0 
ШЛО 16х20 8.0 20.0 24.0 54.0 
ШЛО 16х25 8.0 25.0 24.0 54.0 
ШЛО 16х32 8.0 32.0 24.0 54.0 
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ШЛ tipis magnitogamtari 
magnitogamtaris 
aRniSvna da tipiuri 
zomebi 
zomebi , mm 
a b c h 
ШЛ4х5 2.0 5.0 4.0 10.0 
ШЛ4х6,5 2.0 6.5 4.0 10.0 
ШЛ4х8 2.0 8.0 4.0 10.0 
ШЛ4х10 2.0 10.0 4.0 10.0 
ШЛ4х12,5 2.0 12.5 4.0 10.0 
ШЛ4х16 2.0 16.0 4.0 10.0 
ШЛ5х5 2.5 5.0 5.0 12.5 
ШЛ5х6,5 2.5 6.5 5.0 12.5 
ШЛ5х8 2.5 8.0 5.0 12.5 
ШЛ5х10 2.5 10.0 5.0 12.5 
ШЛ5х12,5 2.5 12.5 5.0 12.5 
ШЛ5х16 2.5 16.0 5.0 12.5 
ШЛ6х6,5 3.0 6.5 6.0 15.0 
ШЛ6х8 3.0 8.0 6.0 15.0 
ШЛ6х10 3.0 10.0 6.0 15.0 
ШЛ6х12,5 3.0 12.5 6.0 15.0 
ШЛ6х16 3.0 16.0 6.0 15.0 
ШЛ6х20 3.0 20.0 6.0 15.0 
ШЛ8х8 4.0 8.0 8.0 20.0 
ШЛ8х10 4.0 10.0 8.0 20.0 
ШЛ8х12,5 4.0 12.5 8.0 20.0 
ШЛ8х16 4.0 16.0 8.0 20.0 
ШЛ10х10 5.0 10.0 10.0 25.0 
ШЛ10х12,5 5.0 12.5 10.0 25.0 
ШЛ10х16 5.0 16.0 10.0 25.0 
ШЛ10х20 5.0 20.0 10.0 25.0 
ШЛ16х16 8.0 16.0 16.0 40.0 
ШЛ16х20 8.0 20.0 16.0 40.0 
ШЛ16х25 8.0 25.0 16.0 40.0 
ШЛ16х32 8.0 32.0 16.0 40.0 
ШЛ20х20 10.0 20.0 20.0 50.0 
ШЛ20х25 10.0 25.0 20.0 50.0 
ШЛ20х32 10.0 32.0 20.0 50.0 
ШЛ20х40 10.0 40.0 20.0 50.0 
ШЛ25х25 12.5 25.0 25.0 62.5 
ШЛ 25х32 12.5 32.0 25.0 62.5 
ШЛ 25х40 12.5 40.0 25.0 62.5 
ШЛ 25х50 12.5 50.0 25.0 62.5 
ШЛ 32Х32 16.0 32.0 32.0 80.0 
ШЛ 32Х64 16.0 64.0 32.0 80.0 
ШЛ 40Х40 20.0 40.0 40.0 100.0 
ШЛ 40Х50 20.0 50.0 40.0 100.0 
ШЛ 40Х64 20.0 64.0 40.0 100.0 
ШЛ 40Х80 20.0 80.0 40.0 100.0 
52 
ШЛМ tipis magnitogamtari 
magnitogamtaris 
aRniSvna da 
tipiuri zomebi 
zomebi , mm 
a b c h 
ШЛМ 8Х6,5 4.0 6.5 5.0 13.0 
ШЛМ 8Х8 4.0 8.0 5.0 13.0 
ШЛМ 8Х10 4.0 10.0 5.0 13.0 
ШЛМ 8Х12,5 4.0 12.5 5.0 13.0 
ШЛМ 8Х16 4.0 16.0 5.0 13.0 
ШЛМ 10Х8 5.0 8.0 6.0 18.0 
ШЛМ 10Х10 5.0 10.0 6.0 18.0 
ШЛМ 10Х12,5 5.0 12.5 6.0 18.0 
ШЛМ 10Х16 5.0 16.0 6.0 18.0 
ШЛМ 10Х20 5.0 20.0 6.0 18.0 
ШЛМ 12Х10 6.0 10.0 8.0 23.0 
ШЛМ 12Х12,5 6.0 12.5 8.0 23.0 
ШЛМ 12Х16 6.0 16.0 8.0 23.0 
ШЛМ 12Х20 6.0 20.0 8.0 23.0 
ШЛМ 12Х25 6.0 25.0 8.0 23.0 
ШЛМ 16Х12,5 8.0 12.5 9.0 26.0 
ШЛМ 16Х16 8.0 16.0 9.0 26.0 
ШЛМ 16Х20 8.0 20.0 9.0 26.0 
ШЛМ 16Х25 8.0 25.0 9.0 26.0 
ШЛМ 16Х32 8.0 32.0 9.0 26.0 
ШЛМ 20Х16 10.0 16.0 12.0 36.0 
ШЛМ 20Х20 10.0 20.0 12.0 36.0 
ШЛМ 20Х25 10.0 25.0 12.0 36.0 
ШЛМ 20Х32 10.0 32.0 12.0 36.0 
ШЛМ 20Х40 10.0 40.0 12.0 36.0 
ШЛМ 25Х20 12.5 20.0 15.0 45.0 
ШЛМ 25Х25 12.5 25.0 15.0 45.0 
ШЛМ 25Х32 12.5 32.0 15.0 45.0 
ШЛМ 25Х40 12.5 40.0 15.0 45.0 
ШЛМ 25Х50 12.5 50.0 15.0 45.0 
ШЛМ 32Х25 16.0 25.0 18.0 55.0 
ШЛМ 32Х32 16.0 32.0 18.0 55.0 
ШЛМ 32Х40 16.0 40.0 18.0 55.0 
ШЛМ 32Х50 16.0 50.0 18.0 55.0 
ШЛМ 40Х32 20.0 32.0 24.0 72.0 
ШЛМ 40Х40 20.0 40.0 24.0 72.0 
ШЛМ 40Х50 20.0 50.0 24.0 72.0 
ШЛМ 40Х64 20.0 64.0 24.0 72.0 
 
 
 
 
 
 
53 
rgoliseburi magnitogamtarebi 
 
      rgoliseburi magnitogamtarebi masalis magnituri Tvisebebis 
ukeTesad gamoyenebis da transformatoris gare magnituri velis 
Semcirebis saSualebas iZleva. [l. 15]  
 
 
 
nax. 15 - rgoliseburi magnitogamtari 
 
      samfaza transformatorebi lentiani magnitogamtarebiT 
xasiaTdebian mcire masiT, mcire gabarituli zomebiT da ufro 
maRali mqk-Ti imave simZlavreze momuSave firfitovan 
magnitogamtarebTan SedarebiT. 
      3-faza transformatoris damzadebis dros, rodesac 
gamoiyeneba lentiani magnitogamtari mcirdeba sadenis xarji, 
klebulobs Sromatevadoba daxvevaze da transformatoris 
awyobaze. 
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cxrili #6 - amorfuli lentisagan damzadebuli O-seburi 
magnitogamtarebi  
       
ОЛ tipis magnitogamtari 
magnitogamtaris 
aRniSvna da tipiuri 
zomebi 
zomebi , mm 
d a h D 
ОЛ 6х12х5 6.0 3.0 5.0 12.0 
ОЛ 6х12х6,5 6.0 3.0 6.5 12.0 
ОЛ 8х12х5 8.0 2.0 5.0 12.0 
ОЛ 10х16х5 10.0 3.0 5.0 16.0 
ОЛ 10х16х6,5 10.0 3.0 6.5 16.0 
ОЛ 10х16х8 10.0 3.0 8.0 16.0 
ОЛ 12х20х5 12.0 4.0 5.0 20.0 
ОЛ 12х20х6,5 12.0 4.0 6.5 20.0 
ОЛ 12х20х8 12.0 4.0 8.0 20.0 
ОЛ 12х20х10 12.0 4.0 10.0 20.0 
ОЛ 16х26х5 16.0 5.0 5.0 26.0 
ОЛ 16х26х6,5 16.0 5.0 6.5 26.0 
ОЛ 16х26х8 16.0 5.0 8.0 26.0 
ОЛ 16х26х10 16.0 5.0 10.0 26.0 
ОЛ 16х26х12,5 16.0 5.0 12.5 26.0 
ОЛ 20х32х8 20.0 6.0 8.0 32.0 
ОЛ 20х32х10 20.0 6.0 10.0 32.0 
ОЛ 20х32х12,5 20.0 6.0 12.5 32.0 
ОЛ 20х32х16 20.0 6.0 16.0 32.0 
ОЛ 25х40х10 25.0 7.5 10.0 32.0 
ОЛ 25х40х20 25.0 7.5 20.0 32.0 
ОЛ 25х40x25 25.0 7.5 25.0 32.0 
ОЛ 32х50х16 32.0 9.0 16.0 50.0 
ОЛ 32х50х20 32.0 9.0 20.0 50.0 
ОЛ 32х50х25 32.0 9.0 25.0 50.0 
ОЛ 32х50х32 32.0 9.0 32.0 50.0 
ОЛ 40х64х20 40.0 12.0 20.0 64.0 
ОЛ 40х64х25 40.0 12.0 25.0 64.0 
ОЛ 40х64х32 40.0 12.0 32.0 64.0 
ОЛ 40х64х40 40.0 12.0 40.0 64.0 
ОЛ 50х80х25 50.0 15.0 25.0 80.0 
ОЛ 50х80х32 50.0 15.0 32.0 80.0 
ОЛ 50х80х40 50.0 15.0 40.0 80.0 
ОЛ 50х80х50 50.0 15.0 50.0 80.0 
ОЛ 64х100х32 64.0 18.0 32.0 100.0 
ОЛ 64х100х64 64.0 18.0 64.0 100.0 
ОЛ 80х130х40 80.0 25.0 40.0 130.0 
ОЛ 80х130х50 80.0 25.0 50.0 130.0 
ОЛ 80х130х64 80.0 25.0 64.0 130.0 
ОЛ 80х130х80 80.0 25.0 80.0 130.0 
ОЛ 100х250х50 100.0 75.0 50.0 250.0 
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2.2 Termiuli Tvisebebi 
 
 
nax. 16 – infrawiTel kameraSi moTavsebuli amorfuli da foladis 
gularebis urTierTSedareba 
 
 
2.3. amorfuli liTonisagan damzadebuli 
transformatoris warmoeba da satransformatoro 
upiratesobebi 
  
nax. 17 – aldt-s warmoebis procesis sqema 
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amorfuli liTonis transformatoris warmoeba 
 
nax. 18 – aldt-s warmoebis sqema msgavsia klasikuri transformatoris 
warmoebisa 
 
 
amorfuli liTonis gularis warmoeba 
 
 
 
nax. 19 – aldt-s gularis warmoebis sqema 
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nax. 20 – aldt-s dasrulebuli gulara 
 
 
amorfuli liTonis satransformatoro upiratesobebi 
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2.4. amorfuli liTonisagan damzadebuli 
transformatoris saimedooba, xarisxi da remontis 
Taviseburebebi 
 
saimedooba da xarisxi 
 
 
 
 
 
 
Ggamanawilebeli transformatoris remontis 
Taviseburebebi 
 
       amorfuli liTonis gamanawilebeli transformatorebis 
gulara damzadebulia civad naglini foladis 
transformatorebis gularis msgavsad.  amorfuli liTonis 
gamanawilebeli transformatorebis remonti tardeba civad 
naglini foladis transformatorebis remontis msgavsad. firma 
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Hitachi–s saitze ganTavsebulia informacia amorfuli liTonis 
gamanawilebeli transformatorebze remontis Catarebis Sesaxeb. 
       xviebisa da gularis amoReba avzidan→ furclovani 
foladisa da damontaJebuli milebis mocileba→gularis 
garsacmis moxsna→gularis moxsna zemodan →koWebis amoReba 
gularidan→gularis xelmeored Sekvra. 
 
 
nax. 21  – aldt-s remonti 
 
 
 
2.5. amorfuli liTonisagan damzadebuli Zalovani 
transformatorebis tipebi da maxasiaTeblebi 
 
 
  
 
 
nax. 22 - amorfulmagnitur gulariani transformatorebi 
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nax. 23 – amorfulmagnitur gulariani transformatoris konstruqciuli  
sqema  
 
1. m.Z. gamomyvani; 
2. d.Z. gamomyvani ; 
3. zeTis maCvenebeli minis mili;  
4. temperaturis maCvenebeli; 
5. ancafebi (Zabvis regulatoris);  
6. silikogeli; 
7. kauWi (sakidi); 
8. xufis saxeluri; 
9. radiatori; 
10. nominaluri monacemebis cxrili (sapasporto monacemebi); 
11.mwarmoebeli firmis (Hanchang) niSani; 
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12. simZlavre; 
13. Zabvis sidide; 
14. onkani; 
15. damiwebis momWeri; 
16. avzi 
cxrili # 7 - amorfulmagnitur gulariani transformatoris 
ganzomilebebi da maxasiaTeblebi  
 
simZlavre 
(kva) 
maxasiaTebeli sidideebi ganzomilebebi 
sruli 
masa 
(kg) 
mqk 
(%) 
agznebis 
deni (%) 
u.s. 
danakargebi 
(vt) 
W 
(mm) 
D 
(mm) 
H 
(mm) 
100 97.9 1.2 100 900 750 1,250 600 
150 98.0 1.2 120 900 900 1,270 700 
200 98.2 1.2 150 1,000 920 1,300 950 
300 98.3 1.2 200 1,050 1,000 1,450 1,150 
400 98.4 1.2 230 1,100 1,100 1,550 1,450 
500 98.5 1.2 270 1,300 1,510 1,350 1,600 
600 98.5 1.0 280 1,300 1,600 1,370 1,950 
750 98.5 1.0 310 1,300 1,500 1,400 2,200 
1,000 98.7 1.0 390 1,300 1,850 1,450 2,750 
1,500 98.7 1.0 640 1,700 2,000 1,650 4,000 
2,000 98.8 1.0 780 1,800 2,400 1,750 5,500 
 
cxrili # 8 - amorfulmagnitur gulariani transformatoris 
standartuli maxasiaTeblebi  
 
sixSire 50, 60 hc 
izolaciis klasi E klasi 
dasaSvebi temperatura 65 °C 
izolaciis 
done (kv) 
Zabva (kv) 24 7.2 3.6 
gamosacdeli 
Zabva (kv) 50 22 16 
gamosacdeli 
impulsuri Zabva 
(kv) 
150 60 45 
pirveladi gragnilis Zabva 
(kv) 
 6.6 3.3 
meoradi gragnilis Zabva (kv) 6.6, 3.3, 0.48, 0.38, 0.22 
simZlavre (kva) 
100/200/300/400/500/600/7501,000/1,250/
1,500/2,000 
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    nax. 24 - gansxvavebuli tipis amorfulmagnitur gulariani  
transformatori  
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nax. 25 – gansxvavebuli tipis amorfulmagnitur gulariani 
transformatoris konstruqciuli sqema  
 
• sixSire: 50 hc, 60 hc 
• pirveladi gragnilis Zabva: 22.9 kv-Y/13, 200 v 
• meoradi gragnilis Zabva: 230 v 
• polaroba: minusi, pliusi 
 
 
cxrili # 9 - gansxvavebuli tipis amorfulmagnitur gulariani 
transformatoris maxasiaTeblebi da ganzomilebebi  
 
simZlavre 
(kva) 
mqk 
(%) 
agznebis 
deni (%) 
u.s. 
danakargebi 
(vt) 
ganzomilebebi 
(mm) zeTi 
(l) 
sruli 
masa 
(kg) W  D  H  
30 98.3 1.2 28 690 640 1,050 70 280 
50 98.5 1.2 38 720 670 1,100 90 380 
75 98.5 1.2 52 760 760 1,160 115 440 
100 98.6 1.2 62 800 800 1,200 150 540 
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nax. 26 - amorfulmagnitur gulariani transformatori 
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nax. 27 - Zalovani amorfulmagnitur gulariani transformatoris       
konstruqciuli sqema  
 
1. m.Z. gamomyvani; 
2. d.Z. gamomyvani ; 
3. zeTis maCvenebeli minis mili;  
4. temperaturis maCvenebeli; 
5. ancafebi (Zabvis regulatoris);  
6. silikogeli; 
7. kauWi (sakidi); 
8. xufis saxeluri; 
9. radiatori; 
10. nominaluri monacemebis cxrili (sapasporto monacemebi);  
11. mwarmoebeli firmis (Hanchang) niSani; 
12. simZlavre; 
13. Zabvis sidide; 
14. onkani; 
15. damiwebis momWeri; 
16. avzi 
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cxrili #10 - Zalovani amorfulmagnitur gulariani 
transformatoris maxasiaTeblebi da ganzomilebebi  
 
simZlavre 
(kva) 
maxasiaTebeli sidideebi ganzomilebebi 
sruli 
masa (kg) mqk 
(%) 
agznebis 
deni (%) 
u.s. 
danakargebi 
(vt) 
W 
(mm) 
D 
(mm) 
H 
(mm) 
100 97.9 1.2 100 1,000 750 1,300 650 
150 98.0 1.2 120 1,010 980 1,330 790 
200 98.2 1.2 150 1,150 1,020 1,400 1,050 
300 98.3 1.2 200 1,210 1,120 1,500 1,300 
400 98.4 1.2 230 1,300 1,130 1,550 1,570 
500 98.5 1.2 270 1,500 1,510 1,350 1,780 
600 98.5 1.0 280 1,400 1,600 1,370 2,000 
750 98.5 1.0 310 1,500 1,520 1,400 2,270 
1,000 98.7 1.0 390 1,480 1,890 1,450 2,870 
1,500 98.7 1.0 640 1,720 2,090 1,680 4,410 
2,000 98.8 1.0 780 1,830 2,370 1,760 5,710 
 
 
cxrili #11 - Zalovani amorfulmagnitur gulariani 
transformatoris standartuli maxasiaTeblebi  
 
sixSire 50, 60 hc 
izolaciis klasi E klasi 
dasaSvebi temperatura 65 °C 
izolaciis 
done (kv) 
Zabva (kv) 24 7.2 3.6 
gamosacdeli 
Zabva (kv) 
50 22 16 
gamosacdeli 
impulsuri 
Zabva (kv) 
150 60 45 
pirveladi gragnilis 
Zabva (kv) 
22.9 6.6 3.3 
meoradi gragnilis Zabva 
(kv) 
6.6, 3.3, 0.48, 0.38, 0.22 
simZlavre (kva) 
100/200/300/400/500/600/7501,000/1,250/1,500/ 
2,000 
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III Tavi 
 
transformatorebis eleqtruli parametrebi 
 
        transformatorebis SerCeva xdeba maTi sapasporto 
monacemebis mixedviT. transformatorebisa da 
avtotransformatorebis sapasporto monacemebs miekuTvneba 
nominaluri simZlavre Sn, gragnilTa nominaluri Zabvebi Um.n ; Us.n ; 
 Ud.n , agreTve uqmi svlisa da mokle SerTvis denis monacemebi 
(uqmi svlis aqtiuri simZlavris danakargebi ∆Ρu.s da uqmi svlis  
deni Iu.s %, mokle SerTvis aqtiuri simZlavris danakargebi ∆Ρm.S 
 da mokle SerTvis Zabva Um.S % ) da am eleqtruli parametrebis  
safuZvelze gansazRvruli eleqtruli parametrebi 
(transformatorebis ganivi gamtaroba G, B da grZivi winaRoba R,  
X).  [l. 1]  
     amorfulmagnitur gulariani transformatori miekuTvneba 
transformatorebis axal Taobas, misi gulara damzadebulia 
amorfuli masalisagan, xolo gragnilebi ki spilenZisagan. 
       sapasporto monacemebi dgindeba qarxana-damamzadeblis mier, 
zemoT CamoTvlili sapasporto monacemebiT axasiaTeben, rogorc 
kristaluri tipis transformatorebs, aseve amorfulmagnitur 
gularian transformatorebs.  
       zeTiT Sevsebuli amorfuli masalisagan damzadebuli 3-
faza transformatoris YYN0 SeerTebis jgufiT, zomebi da wona. 
 
     amorfulmagnitur gulariani transformatoris sapasporto 
monacemebi: 
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cxrili #12 - amorfulmagnitur gulariani transformatoris 
sapasporto monacemebi:  
 
 
cxrili #13 -zeTiT Sevsebuli amorfuli masalisagan damzadebuli  
            3-faza transformatoris zomebi da masa 
 
 
simZlavre (kva) gamzomilebebi (mm) masa (kg) 
 
30 
 
1120×720×980 470 
 
50 
 
1135×745×990 490 
 
63 
 
1200×760×1010 580 
 
80 
 
1230×760×1040 655 
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s
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va
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Zabva 
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∆Ρu.s 
(vt) 
 
∆Ρm.S 
(vt) 
 
Iu.s  
% 
U
m.
S
 
%
 
maRa
li 
Zabva 
(kv) 
Zabvis 
qveS 
regulir
eba % 
d
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Za
b
va
 (
kv
) 
30  
 
 
 
 
6  
6.6 
10 
10.5 
11 
 
 
 
 
±5 
an 
±2×2.5 
 
 
 
 
0.4 
 
 
 
 
∆Y0
11 
 
33 600 1.70  
 
 
 
 
 
 
4.0 
 
 
 
 
 
 
 
4.5 
 
 
5 
50 43 870 1.30 
80 50 1040 1.20 
100 60 1250 1.10 
125 75 1500 1.00 
160 85 1800 0.90 
200 100 2200 0.70 
250 120 2600 0.70 
315 140 3050 0.70 
400 170 3650 0.50 
500 200 4300 0.50 
630 240 5150 0.50 
630 320 6200 0.30 
800 380 7500 0.30 
1000 450 10300 0.30 
1250 530 12000 0.20 
1600 630 14500 0.20 
2000 750 17400 0.20 
2500 900 20200 0.20 
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simZlavre (kva) gamzomilebebi (mm) masa (kg) 
 
100 
 
1355×780×1150 722 
 
125 
 
1270×890×1180 840 
 
160 
 
1320×890×1180 1050 
 
200 
 
1380×910×1250 1130 
 
250 
 
1430×920×1300 1310 
 
315 
 
1540×980×1300 1630 
 
400 
 
1690×990×1410 1870 
 
500 
 
1760×1070×1440 2235 
 
800 
 
1810×1120×1490 2950 
 
630 
 
1840×1280×1500 3220 
 
1000 
 
1920×1320×1520 3770 
 
1250 
 
2040×1440×1640 4650 
 
1600 
 
2120×1450×1700 5960 
 
 
       transformtorebisa da avtotransformtorebisaTvis uqmi 
svlisa da mokled SerTvis danakargebis gansazRvra warmoebs 
transformtoris eqspluataciaSi Seyvanamde qarxana-damamzadeblis 
mier da eqspluataciisas kapitaluri remontisas da SualedebSi 
remontTa Soris. 
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                                                 (1) 
       uqmi svlis deni warmoadgens transformtoris sapasporto 
monacems. uqmi svlis deni qmnis foladis damamagnitebel 
simZlavres, rac aucilebelia magnituri nakadis misaRebad da 
romlis gareSec transformtoris muSaoba SeuZlebelia. 
       uqmi svlis denis saSualebiT SesaZlebelia uqmi svlisas 
transformtorSi sruli simZlavris danakargebi 
                              (2) 
       ∆Su.s  Seicavs rogorc aqtiuri, ise reaqtiuli simZlavris 
danakargebs 
               (3) 
       uqmi svlis reaqtiuli danakargebi ganisazRvreba 
Semdegnairad: 
               (4) 
       mZlavri (1 mgva da meti) transformatorebisaTvis 
     da Sesabamisad (3)-is Tanaxmad:     
                (5) 
       uqmi svlis denis mniSvneloba nominaluri denis 
mniSvnelobis ramodenime erTeul procents Seadgens. amitom uqmi 
svlis reJimSi transformatoris gragnilSi aqtiuri simZlavris 
danakargebi umniSvneloa da ar aRemateba ramodenime aTeul vats. 
es miuTiTebs imaze, rom uqmi svlis aqtiuri simZlavris 
danakargebi, praqtikulad, mTlianad ixarjeba transformatoris 
foladis gaxurebaze. kerZod, transformatoris damagniteba – 
gadamagnitebaze (histerezisis movlena) daxarjuli energiisa da 
grigaluri (fukos) denebiT gamowveuli siTburi energiis saxiT. 
       mokle SerTvis cdisas orgragnila transformatoris 
dabali Zabvis gragnili mokled SerTulia (samgragnila 
transformatorSi dabali da saSualo Zabvis gragnilebi 
gaxsmilia), xolo maRali Zabvis gragnilze modebulia im sididis 
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Zabva, romelic sakmarisia am orive gragnilSi nominaluri denis 
Sesaqmnelad. mokled SerTvis Zabvas gamosaxaven procentebSi 
transformatoris nominaluri Zabvis mimarT da igi 
transformatoris sapasporto monacems warmoadgens. 
                 (6) 
       mokle SerTvis Zabvis saSualebiT SesaZlebelia mokle 
SerTvisas transformatorSi sruli simZlavris danakargebis 
gansazRvra: 
                  (7) 
      (7)-is gaTvaliswinebiT: 
                (8) 
       mokle SerTvisas transformatorSi reaqtiuli simZlavris 
danakargebi: 
             (9) 
 
       mZlavri (1 mgva da meti) transformatorebisaTvis 
     da Sesabamisad:   
               (10) 
 
       mokle SerTvis Zabvis mniSvneloba transformatoris 
nominaluri Zabvis (8-12)%-s Seadgens. aqedan gamomdinare mokle 
SerTvisas transformatoris foladSi simZlavris danakargebi 
umniSvneloa da ramodenime aTeul an aseul vats (var-s) aRwevs. 
mokla serTvis aqtiuri simZlavris danakargebi mTlianad ixarjeba 
transformatoris gragnilis gaxurebaze, xolo mokle serTvis 
reaqtiuli simZlavris danakargebi ki mTlianad ixarjeba mantvis 
magnituri nakadis Seqmnaze. 
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3.1. orgragnila transformatorebis Canacvlebis sqema da 
eleqtruli parametrebi 
 
 
        transformatorebis saangariSo maTematikuri modelis 
warmodgena SeiZleba  Г-sebri Canacvlebis sqemis saxiT (nax. 31), 
romlis grZivi nawili Seicavs aqtiur Rt da reaqtiul X t 
winaRobebs, xolo ganivi nawili ki aqtiur Gt da reaqtiul Bt 
gamtarobebs, miyvanils maRali nominaluri Zabvis  safexurze. 
transformatoris ganivi gamtarobebi SegviZlia ganvsazRvroT uqmi 
svlisas transformatorSi aqtiuri da reaqtiuli simZlavris 
danakargebiT. [l. 1] 
 
             
2
nu.s.t U/PG ∆=   d a   
2
nu.s.t U/QB ∆=  
Tu simZlavris danakargebsa da Zabvas CavsvamT kilo erTeulebSi, 
miviRebT 
                 310
U
P
G −⋅
∆
=
2
n
u.s.
t  sim                          (11) 
 
 
nax. 28 - orgragnila transformatoris Canacvlebis 
saangariSo sqema 
 
da 
                    310
U
Q
B −⋅
∆
=
2
n
u.s.
t
   sim,                    (12) 
 sadac u.s.P∆  aiReba transformatoris sapasporto monacemidan, 
xolo u.s.Q∆  ganisazRvreba (4) an (5 ) gamosaxulebebis mixedviT. 
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 mZlavri transformatorebis SemTxvevaSi, (5) gamosaxulebis 
Tanaxmad, reaqtiuli gamtarobis saangariSo gamosaxuleba miiRebs 
saxes 
               510
U
S%I
B −⋅
⋅
=
2
n
nu.s.
t
   sim/km                 (13) 
sadac %Iu.s.  aiReba transformatoris sapasporto monacemebidan. 
 transformatoris foladSi simZlavris danakargebi ar aris 
damokidebuli datvirTvis denze (simZlavreze). igi ZiriTadad 
ganisazRvreba muSa Zabvis mniSvnelobiT da ganixileba rogorc 
mudmivi sidide. aqedan gamomdinare, orgragnila 
transformatorebis Canacvlebis saangariSo sqema SeiZleba 
gavamartivoT, sadac ganivi gamtarobis nacvlad vuCvenebT 
transformatoris foladSi simZlavris danakargebs (nax. 32). 
 
 
 
 
nax. 29  orgragnila transformatoris Canacvlebis gamartivebuli 
saangariSo sqema 
 
 transformatoris aqtiuri winaRoba, romelic warmoadgens 
maRali Zabvis gragnilisa da maRali Zabvis safexurze miyvanili 
dabali Zabvis gragnilis winaRobaTa jams, ganisazRvreba 
transformatoris mokle SerTvis simZlavris mixedviT 
 
 
,R
U
SRI3P t2
n
2
n
t
2
nm.S . ==∆
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aqedan 
.
S
UPR
2
n
2
nm.S .
t
⋅∆
=
 
 
Tu am gamosaxulebaSi Semaval sidideebs CavsvamT kilo 
erTeulebSi (kvt, kv, kva), maSin gvaqvs 
 
                310
S
UPR ⋅⋅∆=
2
n
2
nm.S .
t    o mi,                    (14) 
sadac m.S .P∆  aiReba transformatoris sapasporto monacemebidan. 
 analogiurad ganisazRvreba transformatoris reaqtiuli 
winaRoba 
                   310
S
UQX ⋅⋅∆=
2
n
2
nm.S .
t    o mi,              (15 ) 
sadac m.S .Q∆  dadgindeba (9) an (10) gamosaxulebebis mixedviT. 
 mZlavri transformatorebis SemTxvevaSi, (10) gamosaxulebis 
Tanaxmad, transformatoris reaqtiuli winaRobis saangariSo 
gamosaxuleba miiRebs Semdeg saxes 
 
                 
n
2
nm.S .
t S
10U%UX ⋅⋅= ,                           (16 ) 
sadac %Um.S .  aiReba transformatoris sapasporto monacemebidan. 
  
 
 
3.2 samgragnila transformatorebis da 
avtotransformatorebis Canacvlebis sqema da 
eleqtruli parametrebi 
 
samgragnila transformatorebis da avtotransformatorebis 
saangariSo maTematikuri modelis warmoadgena xdeba samsxiviani Г-
sebri Canacvlebis sqemis saxiT (nax. 33), sadac naCvenebia ganivi 
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gamtarobebi da calkeuli gragnilis (sxivis) aqtiuri da 
reaqtiuli winaRobebi, miyvanili maRali Zabvis safexurze. [l. 1] 
 
 
 
 
 
 
nax. 30 - samgragnila transformatoris (avtotransformatoris) 
Canacvlebis sqema 
 
 
ganivi gamtarobebi (Gt, Bt) ganisazRvreba imave 
gamosaxulebebiT, rogorc orgragnila transformatorebis 
SemTxvevaSi. sxivebis (gragnilebis) aqtiuri winaRobebis 
dasadgenad jer ganvsazRvroT mokle SerTvis danakargebi 
calkeuli gragnilisTvis: 
 
).PPP(
2
1P
);PPP(
2
1P
);PPP(
2
1P
s)-m.S .(md )-m.S .(sd )-m.S .(mm.S .(d )
d )-m.S .(md )-m.S .(ss)-m.S .(mm.S .(s)
d )-m.S .(sd )-m.S .(ms)-m.S .(mm.S .(m)
∆−∆+∆=∆
∆−∆+∆=∆
∆−∆+∆=∆
           (17 ) 
 
da Semdeg, vpoulobT: 
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                       310
S
UP
R ⋅
⋅∆
=
2
n
2
nm.S (m)
mt,   
                      
3
3
10
S
UP
R
10
S
UP
R
⋅
⋅∆
=
⋅
⋅∆
=
2
n
2
nm.S (d )
d t,
2
n
2
nm.S (s)
s t,
                                     (18) 
 
 
 samgragnila transformatorebisTvis qarxana-damamzadebeli 
xSirad iZleva mokle SerTvis simZlavris mxolod erT 
mniSvnelobas, romelic Seesabameba mokle SerTvis cdis yvelaze 
ufro mZime reJims anu, roca mokle SerTvis simZlavre 
maqsimaluria. am SemTxvevaSi gragnilTa aqtiuri winaRobebis 
dasdgenad unda visargebloT im pirobiT, rom gragnilTa aqtiuri 
winaRobebi am gragnilebis nominalur simZlavreTa 
ukuproporciulia. kerZod, roca gragnilTa nominaluri 
simZlavreebi erTnairia (100/100/100) maSin Canacvlebis sqemis 
sxivebis (gragnilebis) aqtiuri winaRobebi, miyvanili maRali 
Zabvis safexurze, erTnairia 
 
                tt(d )t(s)t(m) RRRR === ,             (19) 
xolo roca gragnilTa nominaluri simZlavre sxvadasxvaa 
(100/100/66,7 an 100/66,7/66,7), maSin maTi aqtiuri winaRobebi Semdeg 
TanafrdobaSia 
 
                 5,1
7,66
100
R
R
100
7,66 ==                               (20) 
 
 Tanamedrove samgragnila transformatorebis gragnilTa 
nominaluri simZlavreebi erTnairia da amitom: 
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             kvtt
n
n
t.(s)t.(m)ns)-m.S .(m
3
2
2
2 10R2
U
S)RR(I3P −⋅⋅=+=∆ . 
aqed an 
        32
2
10
S2
UPRRR ⋅⋅∆===
n
nm.S .
t(d )t(s)t(m) o mi.            (21) 
 
 im SemTxvevaSi, roca gragnilTa nominaluri simlavreebia 
100/100/66,7, maSin 
 
            32
2
10
S2
UPRR ⋅⋅∆==
n
nm.S .
t(s)t(m)                        (22) 
 
da (20) gamosaxulebis Tanaxmad 
 
                t(m)t(d ) R5,1R =                                     (23) 
 
Tu gragnilTa nominaluri simZlavreebia 100/66,7/66,7, maSin 
 
              32
2
10
S83,1
UPR ⋅⋅∆=
n
nm.S .
t(m)    o mi 
da     
                                                             (24) 
                  .R5,1RR t(m)t(d )t(s) ==       
               
  avtotransformatorebis maRali da saSualo Zabvis 
gragnilebi erTnairi simZlavrisaa da avtotransformatoris 
nominaluri simZlavris tolia, xolo dabali Zabvis gragnilis 
nominaluri simZlavre avtotransformatoris tipiuri simZlavris 
tolia an masze naklebia. 
 roca avtotransformatoris mokle SerTvis simZlavre 
mocemulia yoveli wyvili gragnilisTvis da es sidideebi 
miyvanilia avtotransformatoris nominalur simZlavreze, maSin 
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gragnilTa aqtiuri winaRobebis gansazRvrisas visargeblebT (17) 
da (18) gamosaxulebebiT. Tu mokle SerTvis simZlavre mocemulia 
erTi sididiT ( )P s)-m.S .(m∆  maSin (22) gamosaxulebi Sesabamisad     
 
          == t(s)t(m) RR
3
2
2
10
S2
UP
⋅
⋅∆
n
ns)-m.S .(m
    omi            (25) 
 
da (20)-is Sesabamisad 
 
                    
d ab.n.
tr .n.
t(m)t(d ) S
S
RR ⋅=                            (26) 
 samgragnila transformatorebisa da 
avtotransformatorebis gragnilTa reaqtiul winaRobaTa 
dasadgenad jer ganvsazRvravT calkeuli gragnilis mokle 
SerTvis Zabvebs: 
 
 
%).U%U%U(
2
1%U
%);U%U%U(
2
1%U
%);U%U%U(
2
1%U
s)-m.S .(md )-m.S .(sd )-m.S .(mm.S .(d )
d )-m.S .(md )-m.S .(ss)-m.S .(mm.S .(s)
d )-m.S .(sd )-m.S .(ms)-m.S .(mm.S .(m)
−+=
−+=
−+=
            (27) 
 
romlis Semdeg (18) gamosaxulebis Sesabamisad gvaqvs 
 
           
.10
S
U%U
X
;10
S
U%U
X
;10
S
U%U
X
⋅
⋅
=
⋅
⋅
=
⋅
⋅
=
n
2
nm.S .(d )
t(d )
n
2
nm.S .(s)
t(s)
n
2
nm.S .(m)
t(m)
                         (28) 
 
 erT-erTi sxivis (gragnilis) reaqtiuli winaRoba miiReba 
nulTan axlo mniSvnelobis da mas nulis tolad miiCneven. [l. 1]  
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 samgragnila transformatorebisa da avtotransformato- 
rebis Canacvlebis gamartivebul saangariSo sqemas warmoadgenen 32 
naxazze naCvenebi sqemis analogiurad, sadac ganivi gamtarobebi 
Secvlili iqneba uqmi svlis danakargebiT. 
 
 
 
3.3. satransformatoro danakargebis aRwera 
 
  * histerezisis danakargebi: foladis gularaSi magnituri 
nakadis   gavlis dros adgili aqvs danakargebs 
magnitur nawilakebs Soris. 
  *  danakargebi grigalur denebze: foladis gularaSi 
magnituri  nakadis gavlis dros adgili aqvs 
danakargebs, romlebic  gamowveulia grigaluri denebiT. 
  * uqmi svlis danakargebi: am danakargebs adgili aqvs 
transformatoris pirveladi gragnilis mxridan, 
datvirTvis miuxedavad. am danakargebs yovelTvis aqvs 
adgili foladis gularaSi (agznebul mdgomareobaSi). 
  *  danakargebi datvirTvaze: perioduli danakargebi, 
romlebic damokidebulia transformatoris gragnilebis 
datvirTvaze. es danakargebi datvirTvis kvadratis 
pirdapirproporciulia. tvirTis ar arsebobis 
SemTxvevaSi danakargebi nulis tolia. 
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IV Tavi 
 
amorfulmagnitur gulariani da klasikuri 
transformatorebis urTierTSedareba 
 
      dReisaTvis yvelaze konkurentunariania 400 kva da 630 kva 
amorfulmagnitur gulariani transformatorebi, romelTa 
maRali Zabva 10,5 kv, xolo dabali Zabva 0,4 kv-a. saqarTveloSi 
arsebuli energoobieqtebis udides nawilSi ki swored am 
simZlavris transformatorebia damontaJebuli 10 kv Zabvis 
mxares. magaliTisaTvis mocemulia cxrili #14 
 
cx. #14  - saqarTvelos saxelmwifo eleqtrosistemis balansze 
arsebuli 10 kv Zabvis transformatorebi 
 
250 kva 
amorfulmagnitur 
gulariani 
transformatori 
400 kva 
amorfulmagnitur 
gulariani 
transformatori 
630 kva 
amorfulmagnitur 
gulariani 
transformatori 
q/s “menji 220” q/s “gldani 220” q/s “qsani 500” 
 q/s “lisi 220” q/s “zestafoni 
500” 
 q/s “didi baTumi 
220” 
q/s “didi baTumi 
220” 
 q/s “zugdidi 220” q/s “quTaisi 220” 
 q/s “wyaltubo 
220” 
q/s “wyaltubo 
220” 
 q/s “marneuli 220” q/s “fero” 
 q/s “gurjaani 220” q/s “rusTavi 220” 
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     aRniSnul TavSi (IV Tavi) warmodgenili angariSebi 
Catarebulia imis gaTvaliswinebiT, rom SesaZlebelia zemoT 
moyvanil qvesadgurebSi 10 kv mxares damontaJebuli klasikuri 
transformatorebis amorfulmagnitur gulariani 
transformatorebiT Secvla. 
      aRsaniSnavia, rom msoflio bazarze yovelwliurad 
matulobs moTxovna amorfulmagnitur gularian 
transformatorebze. 
 
moTxovna amorfuli liTonisagan damzadebul gamanawilebel 
transformatorebze 
 
moTxovnebi cnft-sa da algt-ze 
 
 
 
nax. 31 – transformatorebis realizacia 
 
      cnobilia, rom amerikulma firmam “General Electric”-ma daamzada 
amorfulgulariani 25 kva simZlavris transformatorebis pirveli 
samrewvelo partia 1000  calis odenobiT. amerikeli mecnierebis 
gaangariSebiT Zalovani da gamanawilebeli transformatorebis 
Secvla amorfulmagnitur gulariani transformatorebiT 
yovelwliurad qveyanas miscems 23 mlrd. kvt.sT. eleqtroenergiis 
ekonomias, rac 6,3 mln. tona navTobis ekonomiis eqvivalenturia da 
Seadgens 1 mlrd. dolars. [l. 12]  
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      dReisaTvis amorfulgulariani transformatorebi 
gamoiyeneba evropis, aSS, brazilia, afrika, iaponia, CineTi, 
indoeTi da sxva qveynebSi. aseTi transformatoris erT-erTi 
msxvili mwarmoeblebia firma “ABB” da “Hitachi”.  
 
         
4.1. amorfulmagnitur gulariani da klasikuri 
transformatorebis eleqtruli maxasiaTeblebis 
urTierTSedareba 
    
cxrili #15 - amorfulmagnitur gulariani transformatoris 
sapasporto monacemebi  
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33 600 1.70  
 
 
 
 
 
 
4.0 
 
 
 
 
 
 
 
4.5 
 
 
5 
50 43 870 1.30 
80 50 1040 1.20 
100 60 1250 1.10 
125 75 1500 1.00 
160 85 1800 0.90 
200 100 2200 0.70 
250 120 2600 0.70 
315 140 3050 0.70 
400 170 3650 0.50 
500 200 4300 0.50 
630 240 5150 0.50 
630 320 6200 0.30 
800 380 7500 0.30 
1000 450 10300 0.30 
1250 530 12000 0.20 
1600 630 14500 0.20 
2000 750 17400 0.20 
2500 900 20200 0.20 
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    am monacemebis saSualebiT SesaZlebelia 
amorfulmagnitur gulariani transformatoris sxvadasxva 
eleqtruli parametrebis angariSi. kerZod, transformatoris uqmi 
svlis denis saSualebiT SesaZlebelia uqmi svlisas 
transformtorSi sruli simZlavris danakargebis gamoTvla: 
 
 kva   (29) 
                               
  (4)-is gaTvaliswinebiT: 
 
=  kva         
(30) 
              
       mokle SerTvis Zabvis saSualebiT SesaZlebelia mokle 
SerTvisas transformatorSi sruli simZlavris danakargebis 
gansazRvra: 
 კვა                ( 31 ) 
      
       mokle SerTvisas transformatorSi reaqtiuli simZlavris 
danakargebi: 
 
=  კვა       ( 32 ) 
       
        radgan, transformatorebis saangariSo maTematikuri 
modelis warmodgena SeiZleba  Г-sebri Canacvlebis sqemis saxiT 
(nax. 32). [l. 2] 
transformatoris ganivi gamtarobebi SegviZlia 
ganvsazRvroT uqmi svlisas transformatorSi aqtiuri da 
reaqtiuli simZlavris danakargebiT. 
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da 
                   
 
    
     transformatoris aqtiuri winaRoba, romelic warmoadgens 
maRali Zabvis gragnilisa da maRali Zabvis safexurze miyvanili 
dabali Zabvis gragnilis winaRobaTa jams, ganisazRvreba 
transformatoris mokle SerTvis simZlavris mixedviT 
,R
U
SRI3P t2
n
2
n
t
2
nm.S . ==∆  
aqedan  
 
    
sadac m.S .P∆  aiReba transformatoris sapasporto monacemebidan. 
 analogiurad ganisazRvreba transformatoris reaqtiuli 
winaRoba 
                    
 
  
sadac %Um.S .  aiReba transformatoris sapasporto monacemebidan. 
  
am monacemebis saSualebiT SesaZlebelia klsikuri 
transformatoris sxvadasxva eleqtruli parametrebis angariSi. 
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cxrili #16 -klasikuri transformatoris sapasporto monacemebi 
 
 
simZlavre 
(kva) 
Zabva (kv) SeerTebis 
jgufi 
∆Ρu.s 
(vt) 
∆Ρm.S 
(vt) 
Um.S  
% 
Iu.s  
% 
30  
 
 
 
 
 
 
 
 
  6 - 15 
 
 
 
 
 
 
 
 
Yyn0 
Dyn11 
 
100 600  
 
 
 
 
 
 
 
 
4  -  
5.5 
1.5 
50 130 870 1.4 
63 150 1040 1.3 
80 180 1250 1.2 
100 200 1500 1.1 
125 240 1800 1.0 
160 280 2200 0.9 
200 340 2600 0.9 
250 400 3050 0.8 
315 480 3650 0.8 
400 570 4300 0.7 
500 680 5150 0.7 
630 810 6200 0.6 
800 980 7500 0.6 
1000 1150 1030 0.5 
1250 1360 1200 0.4 
1600 1640 1450 0.4 
2000 2200 1980 0.4 
2500 2500 2300 0.4 
3150 3300 2700 0.4 
 
 
 
kerZod, transformatoris uqmi svlis denis saSualebiT 
SesaZlebelia uqmi svlisas transformtorSi sruli simZlavris 
danakargebis gamoTvla: 
 
 kva   ( 37 ) 
                                 
     ( 4 ) -is gaTvaliswinebiT: 
 
=  kva   ( 38 ) 
               
       mokle SerTvis Zabvis saSualebiT SesaZlebelia mokle 
SerTvisas transformatorSi sruli simZlavris danakargebis 
gansazRvra: 
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 კვა                ( 39 ) 
      
       mokle SerTvisas transformatorSi reaqtiuli simZlavris 
danakargebi: 
 
=  კვა       (  40  ) 
 
        radgan, transformatorebis saangariSo maTematikuri 
modelis warmodgena SeiZleba  Г-sebri Canacvlebis sqemis saxiT 
(nax. 32). 
transformatoris ganivi gamtarobebi SegviZlia 
ganvsazRvroT uqmi svlisas transformatorSi aqtiuri da 
reaqtiuli simZlavris danakargebiT. 
 
 
                         
da 
                   
 
      transformatoris aqtiuri winaRoba, romelic warmoadgens 
maRali Zabvis gragnilisa da maRali Zabvis safexurze miyvanili 
dabali Zabvis gragnilis winaRobaTa jams, ganisazRvreba 
transformatoris mokle SerTvis simZlavris mixedviT 
,R
U
SRI3P t2
n
2
n
t
2
nm.S . ==∆
                  
aqedan,
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sadac m.S .P∆  aiReba transformatoris sapasporto monacemebidan. 
 analogiurad ganisazRvreba transformatoris reaqtiuli 
winaRoba                    
 
 
sadac %Um.S .  aiReba transformatoris sapasporto monacemebidan. 
      Catarebuli gaangariSebis analizidan Cans, rom 
amorfulmagnitur gularian transformatorSi m.S da uqmi svlis 
danaxarjebi gacilebiT naklebia klasikur transformatorTan 
SedarebiT. miRebuli Sedegebi moviyvanoT cxrilis saxiT: 
 
cxrili # 17 - Catarebuli gaangariSebis Sedegebi  
 
 
maxasiaTeblebi 
 
ganzomileba 
amorfulmagnitur 
gulariani 
transformatori 
klasikuri 
transformatori 
 
 
kva 5 10 
 
 
kva 4,9  
 
 
kva 125  
 
 
kva 123  
 
 
sim 0,000009  
 
 
sim 0,00005  
 
 
omi 0,35  
 
 
omi   
 
Catarebuli angariSis gadasamowmwblad Sedgenili iqna 
maTemaTikuri modeli  transformatorebis eleqtruli da 
ekonomikuri maxasiaTeblebis angariSisa da 
urTierTSedarebisaTvis. [ix. danarTi]  
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nax. 32 – transformatorebis eleqtruli da ekonomikuri 
maxasiaTeblebis angariSis maTematikuri modeli 
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       modelSi Sesayvan sidideebs warmoadgenen transformatoris 
sapasporto monacemebi. kerZod, nominaluri simZlavre Sn, 
gragnilTa nominaluri Zabvebi Um.n ; Us.n ; Ud.n  , agreTve uqmi svlisa 
da mokle SerTvis denis monacemebi (uqmi svlis aqtiuri 
simZlavris danakargebi ∆Ρu.s da uqmi svlis deni Iu.s %, mokle 
SerTvis aqtiuri simZlavris danakargebi ∆Ρm.S da mokle SerTvis 
Zabva Um.S % ) da am eleqtruli parametrebis safuZvelze xdeba 
iseTi eleqtruli parametrebis gansazRvra, rogorebicaa: 
 - uqmi svlisas transformtorSi sruli simZlavris 
danakargebi 
 - uqmi svlis reaqtiuli danakargebi 
  - mokle SerTvisas transformatorSi sruli simZlavris 
danakargebi 
 -mokle SerTvisas transformatorSi reaqtiuli simZlavris 
danakargebi 
transformatorebis ganivi gamtaroba G, B da grZivi winaRoba R,  
X. 
       garda eleqtruli maxasiaTeblebisa modeliT SesaZlebelia 
yvela simZlavris transformatoris fasebis gansazRvra da maTi 
urTierTSedareba (transformatoris fasebi mocemulia 
dolarebSi).  [იხ. დანართი]     
   
- am RilakiT xorcieldeba Seyvanili siidideebis 
angariSi 
 
 
- es aris gasufTavebis Rilaki (monacemebis 
xelaxali SeyvanisaTvis) 
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nax. 33 – monacemebis Seyvanis velebi transformatorebis 
urTierTSedarebisaTvis 
 
 
 
angariSis Sedegad miRebuli sidideebis gamotana xdeba qveda 
velebSi: 
 
 
nax. 34 –angariSis Sedegad miRebuli sidideebi 
 
     orive meTodiT angariSis Sedegad miRebuli sidideebi 
emTxveva erTmaneTs, rac miuTiTebs Catarebuli angariSebisa da 
Sedgenili maTematikuri modelis sizusteze. [იხ. დანართი]     
amorfulmagnitur gularian transformatorebSi uqmi svlis 
(u.s.) danakargebi anu danakargebi gularaSi 37 %-iT ufro naklebia 
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vidre klasikur transformatorebSi. xolo rac Seexba mokled 
SerTvis (m.S.) danakargebs, ufro sworad rom vTqvaT, datvirTvaze 
danakargebs (anu danakargebi spilenZSi) isini amorfulmagnitur 
gularian transformatorebSi 38.2%-iT naklebia klasikur 
transformatorebTan SedarebiT da Seadgens klasikur 
transformatorebSi danakargebis 62%-s. [ლ. 8] 
 qvemoT mocemulia 1000 kva simZlavris transformatorebis 
urTierTSedareba standartuli cnft, maRali klasis mcire 
danakargebiani cnft-sa da amorfulmagnitur gulariani 
transformatorebisaTvis. 
uqmi svlis danakargebi 
 
(danakargebi gularaSi) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax. 35 –uqmi svlis danakargebi transformatorebSi 
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       transformatoris danakargebi ZiriTadad Sedgeba gularaSi 
da spilenZSi danakargebisagan (u.s. da m.S danakargebisagan), 
pirveli, warmoagens danakargebs uqm svlaze da mas adgili aqvs 
transformatoris mTeli eqspluataciis ganmavlobaSi, xolo meore 
_ datvirTvaze danakargebia da damokidebulia transformatoris 
datvirTvaze. iqidan gamomdinare, rom uqm svlaze danakargebi 
warmoadgenen transformatoris sruli datvirTvis daaxloebiT 
0.2-0.25 %, xolo spilenZSi danakargebi Seadgenen transformatoris 
sruli datvirTvis daaxloebiT 10%-s, Sesabamisad 
transformatorSi    danakargebis didi wili modis spilenZSi 
danakargebze. am danakargebis Semcirebis mizniT rogorc didi ise 
mcire simZlavris transformatorebSi rkinis gularas cvlian 
amorfuli masalisagan (lentisagan) damzadebuli gulariT, imis 
gamo rom amorfulmagnitur gularian transformatorebSi 
gragnilebis xviaTa raodenoba gacilebiT naklebia klasikuri 
transformatorebis gragnilebis xviaTa ricxvze da Sesabamisad 
spilenZSi danakargebi amorfulmagnitur gularian 
transformatorebisaTvis gacilebiT (38%-iT) naklebia klasikur 
transformatorebTan SedarebiT. amorful transformatorebSi 
sruli danakargebi 75%-iT ( u.s.d. = 37%; m.S.d. = 38%. sruli 
danakargebi = u.s.d. + m.S.d. = 37%+38% = 75% ) naklebia vidre 
klasikuri transformatorebSi. 
       amorfulmagnitur gulariani transformatoris 
TviTgamosyidvis periodi Seadgens 2,5 wels, xolo maRali klasis 
cnf damzadebuli transformatoris TviTgamosyidvis periodi  3 
welia, amorfulmagnitur gulariani transformatoris 
eqspluataciis periodi 25 wels Seadgens. [l. 11]  
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mokled SerTvis danakargebi 
(danakargebi spilenZSi) 
 
 
nax. 36 –mokled SerTvis danakargebi transformatorebSi 
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cxrili #  18 – amorfulmagnitur gualriani da klasikuri 
transformatorebis uqmi svlis danakargebis 
urTierTSedareba 
 
 
 
 
simZlavre 
(kva) 
uqmi svlis danakargebi (vt) 
 
 
tipiuri 
satransformatoro 
foladi 
 
mcire 
danakargebiani 
foladi 
 
 
amorfuli 
liToni 
 
erTfaza 
 
10 
 
60 30 11 
25 
 
100 50 20 
50 
 
210 105 32 
75 
 
260 130 39 
100 
 
320 160 54 
samfaza 
 
75 
 
370 185 67 
150 
 
540 270 107 
300 
 
950 475 185 
500 
 
1400 710 260 
750 
 
1750 875 310 
1000 
 
2400 1200 420 
1500 
 
3600 1800 555 
2000 
 
4000 2000 750 
2500 
 
4800 2400 850 
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cxrili # 19 – 2500 kva simZlavris amorfulmagnitur gualriani da 
klasikuri transformatorebis urTierTSedareba 
 
maxasiaTeblebi 
 
 
amorfuli liToni 
 
foladi 
u.s. danakargebi (vt) 
 
 
15,4 
 
57 
m.S. danakargebi (vt) 
 
 
328 
 
314 
u.s. deni (%) 
 
 
0.14 
 
0.36 
m.S. Zabva (%) 
 
 
2.45 
 
2.45 
dabalsixSiruli xmauri (db) 
 
 
33 
 
40 
gaxurebis temperatura (°C) 
 
 
48 
 
57 
mokled SerTvis cda (XN) 
 
 
40 
 
40 
uqmi svlis cda (XN) 
 
 
12/13 
 
23/14 
 
masa (kg) 
 
 
199.7 
 
184 
 
 
 
 
nax. # 37 - satransformatoro danakargebis urTierTSedareba 
(statistikis mixedviT) 
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     cxrili # 20 -  gularaSi da spilenZSi danakargebi sxvadasxva 
simZlavris transformatorebisaTvis  
 
s
im
Zl
av
r
e 
kv
a 
 
standartuli cnft 
 
maRali klasis 
mcire 
danakargebiani 
cnft 
 
 
amorfulmagnitur 
gulariani 
transformatori 
danakarge
bi 
gularaSi 
u.s. 
danakarge
bi 
danakargebi 
spilenZSi 
m.S. 
danakargebi 
danakar
gebi 
gulara
Si 
u.s. 
danakar
gebi 
danakargebi 
spilenZSi 
m.S. 
danakargebi 
danakarge
bi 
gularaSi 
u.s. 
danakarge
bi 
danakargebi 
spilenZSi 
m.S. 
danakargebi 
 
315 
 
600 
 
5,350 
 
365 
 
3,850 
 
175 
 
3,850 
 
500 
 
900 
 
7,400 
 
560 
 
5,000 
 
215 
 
5,000 
 
800 
 
1,150 
 
11,000 
 
900 
 
7,300 
 
300 
 
7,300 
 
1000 
 
1,350 
 
12,500 
 
1,070 
 
7,700 
 
500 
 
7,700 
 
1250 
 
1,575 
 
16,000 
 
1,350 
 
10,700 
 
620 
 
10,700 
 
1500 
 
1,700 
 
21,000 
 
1,575 
 
14,000 
 
675* 
 
14,000 
 
2000 
 
2,300 
 
24,000 
 
1,900 
 
19,000 
 
800* 
 
15,000 
315  
 
     feritebis simciris gamo miiRweva, rogorc zemoT iyo 
aRniSnuli induqciurobis gazrda (zeda zRvari), rac 
dakavSirebulia histerezisis maryuJis gaumjobesebasTan. 
 
 
4.2. amorfulmagnitur gulariani da klasikuri 
transformatorebis magnituri da fizikuri Tvisebebis 
urTierTSedareba 
       
      es transformatorebi damzadebulia EN 50178, EN 60950 da sxva 
standartebis mixedviT. 
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      VAC- transformatorebis pirveladi da meoradi gragnilebi 
ZiriTadad damzadebulia standartuli sadenisagan, romlis 
gamomyvanebi SeerTebulia kabelis boloebTan. izolacia 
nawilobriv Sesrulebulia specialuri plastmasuri 
komponentebisagan, agreTve Tbogamtari epoqsiduri rezinisagan, 
romelic dawnexilia vakuumis pirobebSi. aluminis konstruqcia 
gamoiyeneba damiwebis dacvisaTvis da is SeiZleba damontaJebuli 
iyos radiatorze. 
 
histerezisis yulfi (maryuJi) 
      histerezisis yulfi (maryuJi)  aris magnituri masalis 
mTavari maxasiaTebeli.  
 
 
nax. 38 – amorfulmagnitur gulariani da klasikuri transformatorebis 
histerezisis maxasiaTeblebis urTierTSedareba 
 
     imis gamo, rom amorfuli masalis kohercitiuloba naklebia 
civad naglin foladebTan SedarebiT da amorfuli liTons aqvs 
maRali gamtarunarianoba civad naglin foladTan SedarebiT, 
Sesabamisad amorfuli liTonis histerezisis danakargebi naklebia 
civad naglin foladTan SedarebiT. [l. 19]  
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cxrili # 21- gularis maxasiaTeblebis Sedareba  
 
  
maxasiaTebeli 
 
amorfuli 
liToni 
civad 
naglini 
foladi 
 
SeniSvna 
 
 
 
 
 
 
 
magnituri 
Tvisebebi 
 
 
foladis 
gularis 
danakargebi 
(vt/kg) 
 
 
 
 
0.23 
 
 
 
 
1.72 
amorfuli 
liToni: 
 
1.35 tesla 
 
foladi: 
 
1.7 tesla 
 
agznebis 
maxasiaTebeli 
(va/kg) 
 
 
0.37 
 
5.2 
 
gaJRenTvis 
maxasiaTebeli 
(25 oC) 
 
 
1.64 
 
1.86 
 
winaRoba 
(mkomi-sm) 
 
130 45  
fizikuri 
Tvisebebi 
sisqe (mkm) 
 
25 270 ~ 300  
kuTri wona 
(g/sm3) 
 
7.19 7.65 
simyife 
 
900 210 
 
 
 
 
4.3. uqm svlaze momuSave 10 kv Zabvis klasikuri 
transformatorisa da amorfulgulariani 
transformatoris gamorTviT gamowveuli gadametZabvebis 
urTierTSedareba 
        satransformatoro danakargebis Semcirebis mizniT, 
rekomendirebulia Zalovani transformatorebis gamoyeneba, 
romlebic damzadebulia amorfuli masalebis bazaze. am 
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transformatorebs aqvT bevrad ufro naklebi gabaritebi da masa, 
vidre klasikuri tipis Zalovan transformatorebs. amorfuli 
masalebisagan damzadebuli transformatorebi yoveldRiurad 
ufro moTxovnadi xdeba msoflios ganviTarebul qveynebSi. 
      vinaidan, ganasxvaveben satransformatoro danakargebis or 
ZiriTad saxes _ danakargebs histerezisze (Ph) da danakargebs 
grigalur denebze (Pg). foladis erT-erT ZiriTad maxasiaTebels 
warmoadgens misi induqcia, romelic transformatoris 
magnitogamtarisa da gragnilis zomebisa da wonis ganmsazRvrelia. 
        farTi, romelic SemosazRvrulia histerezisis yulfiT 
(nax. 39) proporciulia simZlavris im xvedriTi danakargebisa, 
romlebic ixarjeba foladis gadamagnitebaze. 
 
 
nax. 39 - histerezisis danakargebi magnitogamtarSi 
 
     grigaluri denebi warmoiqmnebian magnituri nakadis 
mimarTulebis perpendikularul sibrtyeSi, (nax. 40). amitom am 
denebiT gamowveuli danakargebi damokidebulia magnitogamtaris 
zomebze da pirdapirproporciulia foladis sisqis kvadratisa da 
ukuproporciulia foladis xvedriTi eleqtruli winaRobisa.  
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a)      
b)
 
 
nax. 40 - grigaluri denebi transformatoris magnitogamtarSi   
a) masiuri rkinis dros; 
b) erTmaneTisagan izolirebuli Txeli firfitebis SemTxveva. 
 
       imis gaTvaliswinebiT, rom amorful transformatorebs 
aqvT mkveTrad gansxvavebuli histerezisis maxasiaTebeli, 
klasikuri tipis Zalovan transformatorebTan SedarebiT, 
sainteresoa Tu ra sididis gadametZabvas eqneba adgili 
komutaciis SemTxvevaSi. amisaTvis angariSi Catarda ori tipis 10kv 
Zabvis (amorfulgulariani da klasikuri) transformatorze 
ATPDraw programiT. mocemulia maTi sapasporto monacemebi: 
amorfulgulariani transformatori:    
Un =10 kv; S = 400kva; ∆Pu.s.= 200 vt; ∆Pm.S = 4300 vt; I u.s.= 0,5 %; 
 
 Um.S % = 4% 
klasikuri transformatori: 
Un =10 kv; S = 400kva; ∆Pu.s.= 900 vt; ∆Pm.S = 5500 vt; I u.s.= 1,9%;  
 
Um.S % =4,5 % 
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L  
C gU
s
L  s Utr
 
 
a) 
 
 
b) 
 
nax. 41 - Canacvlebis sqema 
 
     nax. 41-ze warmodgenilia uqm svlaze momuSave 10 kv Zabvis 
transformatoris gamorTviT gamowveuli gadametZabvebis 
saangariSo sqema (a) da CamoWris parametrebi I Cam da U Cam (b). 
       am naxazze L - transformatoris damagnitebis 
induqciurobaa, C - tevadoba, g - gamtareblobaa, romelic 
transformatoris spilenZsa da foladSi danakargebis 
eqvivalenturia. 
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      [l.1]-Si moyvanili formulebis Tanaxmad klasikuri 
transformatoris induqciurobis gaangariSeba Catarebulia 
Semdegnairad: 
nominaluri deni: 
 
I n = S n /  Un = 400 / 1,73 ×10 =23,12 a         (45) 
 
uqmi svlis deni: 
 
I u.s.= I u.s. % × I n / 100 = 0,44 a                 (46) 
 
      modebuli Zabvis sixSiris mixedviT uqmi svlis denis 
sididisa da mimarTulebis mudmivad cvlilebis gamo 
magnitogamtarSi adgili aqvs foladis damagniteba-gadamagnitebas, 
romelsac Tan sdevs misi gaxureba e.i. energiis danakargi. am 
energiis simZlavre foladis erTeuli masis mimarT warmoadgens 
erT-erT mniSvnelovan maxasiaTebels magnitogamtaris 
foladisaTvis da mas foladSi xvedriTi danakargebi ewodeba. 
 
Z0 = Un /  × I u.s.= 10 000/(1,73 × 0,44) = 13 137 omi      (47) 
 
R0 = ∆Pu.s. /  × I 
2
u.s.= 900 /(3 × (23,12)2) = 1 550 omi    (48) 
 
X0 =  =  = 13 045 omi         (49) 
 
    transformatoris aqtiuri winaRoba, romelic warmoadgens 
maRali Zabvis gragnilsa da maRali Zabvis safexurze miyvanili 
dabali Zabvis gragnilis winaRobaTa jams, gansazRvreba 
transformatoris mokle SerTvis simZlavris mixedviT: 
 
 × I 2n  RT,        aqedan 
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RT = ∆Pm.S. /  × I 
2
n = 5 500 / (3 × (23,12)2) = 3,43 omi            (50) 
 
ZT = Um.S %  × U
2
n / 100 S n =  (4,5 × 102) /(100×0,4) = 11,25 omi    (51) 
 
XT =  =  = 10,7 omi                     (52) 
 
transformatoris maRali da dabali Zabvis gragnilebis 
winaRobebi: 
 
R1 = R2= 1,7 omi 
 
X1 = X2= 5,4 omi 
 
sabolood, klasikuri transformatorisaTvis miviReT: 
 
R u.s. = R 0+R1 = 1 550 + 1,7 = 1 552 omi            (53) 
 
X u.s. = X 0+X1 = 13 045 + 5,4 = 13 050 omi          (54) 
 
L = X u.s. /ω =13 050 / 314 = 41,6 hn                 (55) 
 
      analogiuri angariSebi Catarebulia amorfuli 
transformatorisaTvis: 
 
R u.s. = R 0+R1 = 4 630 + 1,34 = 4 6314 omi        (56) 
 
X u.s. = X 0+X1 = 47 952 omi (57) 
 
L = X u.s. /ω = 153 hn (58) 
 
       amomrTveliT induqciuri denis gawyvetiT 
gamonTavisuflebuli magnituri energia gadadis el. energiis 
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saxiT tevadobaSi, romelic CarTulia induqciurobis 
paralelurad. am energiiT aris ganpirobebuli gadametZabvis 
warmoSoba tevadobaze anu transformatorze. 
 
      gadametZabvis sidide damokidebulia transformatoris 
damagnitebis denis mniSvnelobaze [l. 2]:  
 
 (59) 
 
 
amorfuli transformatoris SemTxvevaSi  
 
 = 0,16 a         (60) 
 
klasikuri transformatoris SemTxvevaSi:  
 
 = 0,62 a       (61)   
 
transformatorze gadametZabvis sidide tolia: 
 
                       (62) 
amorfuli transformatoris SemTxvevaSi   
 = 43 kv    (63) 
 
kristaluri transformatoris SemTxvevaSi: 
 
 = 102 kv   (64) 
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      gadametZabvis saangariSo ATPDraw programiT Catarebuli 
angariSebi zustad emTxveva [l. 2] da [l. 3]-Si mocemuli 
gadametZabvis saangariSo formulebiT Catarebuli angariSis 
Sedegebs  
 
 
 
nax. 42-ze warmodgenilia ATPDraw programaSi Sesayvani Canacvlebis 
sqema 
 
 
 
 
 
     nax. 42 – ze warmodgenili aRniSvnebis ganmarteba mocemulia 
zemoT, xolo nax. 43 –ze naCvenebia Catarebuli angariSis Sedegebi  
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nax. 43 - ATPDraw programiT Catarebuli angariSis Sedegebi mrudebis 
saxiT 
 
 
        nax. 46-ze warmodgenilia ATPDraw programiT Catarebuli 
angariSis Sedegebi mrudebis saxiT. rogorc naxazidan Cans, 
klasikuri tipis transformatorze gadametZabvis sidide aRwevs 
102 kv-s, xolo amorfulmagnitur gularian transformatorze 
gadametZabva aris 43 kv. 
 
       Sedegebi gviCvenebs, rom amorful transformatorze 
gadametZabvis sidide gacilebiT naklebia vidre klasikur 
transformatorze. amas ganapirobebs is, rom amorfulgulariani 
tr-is  naklebia,  klasikurTan SedarebiT. rac Tavis mxriv 
damokidebulia I u.s.%-ze. 
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4.4. 10 kv Zabvis klasikuri transformatorisa da 
amorfulgulariani transformatoris ferorezonansuli 
movleniT gamowveuli gadametZabvebis urTierTSedareba 
q/s “wyaltubo-220” –is sqemisaTvis 
       
nax. 44- q/s “wyaltubo-220” sruli sqema 
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     simZlavris gacema q/s “wyaltubo-220”-dan xorcieldeba 110 da  
10 kv Zabvis gadacemis xazebiT.  
 
220 kv Zabvis Ria gamanawilebeli mowyobiloba Sesrulebulia 
salteebis ormagi sistemiT. salteebze mierTebulia ori 220/110/10 
samgragnila transformatori da oTxi gadacemis xazi. salteebis 
orive sistemaze mieTebulia tipis  Zabvis transformatori. [l. 3]  
 
 
 
nax. 45 -ze moyvanilia am qvesadguris 10 kv Zabvis gamanawilebeli 
mowyobilobis sqema da salteebis ZiriTadi parametrebi. 
 
      praqtikidan da literaturidan cnobilia, rom SesaZlebelia 
iseTi pirobebis Seqmna, rodesac Zabvis transformatorebis 
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arawrfivi damagnitebis mrudis gamo iqmneba ferorezonansi.  es 
movlena xasiaTdeba rogorc Zabvis mkveTri aweviT, aseve Zabvis 
transformatorebis denis zrdiT. Zabvis aweva saSiSia qvesadguris 
izolaciisaTvis, xolo Zabvis transformatorebis denis zrda 
iwvevs maT Termiul dazianebas. 
     ferorezonansis warmoqmnis mizezi sxvadasxvaa. erT-erTia 
dautvirTavi salteebis Zabvis iseTi mniSvneloba, romlis drosac 
romelime fazis Zabvis transformatori iwyebs gaJRenTvas. Tu am 
dros Zalovani transformatoris neitrali gaxsnilia ( 1 faza mS 
denis Semcirebis mizniT), maSin ferorezonansis albaToba 
mkveTrad izrdeba.    
      q/s “wyaltubo-220”-Si ferorezonansis  gamokvleva Catarda 
10kv gamanawilebel mowyobilobaSi, rodesac raime mizeziT 
salteebi dautvirTavia, ese-igi gadacemis xazebi gamorTulia da 
transformatoris neitrali gaxsnilia.  gamokvleva Catarda  
ATPDraw programis saSualebiT. 
     modeli naCvenebia nax1.-ze.  aq XT   da   RT   wyaros 
(transformatoris) reaqtiuli da aqtiuri winaRobebia,   
da R Zabvis transformatoris  arawrfivi induqtiuroba da 
aqtiuri winaRobaa, C salteebis tevadoba miwis mimarT, g-
salteebis aqtiuri gamtareblobaa da C1  fazaToSorisi tevadobaa. 
 
nax. 46- ATPDraw programiT saangariSo modeli 
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Zabvis transformatoris damagnitebis mrudi aRebulia [l-1] dan: 
 
   
sadac  a1=512,4;  b1=71,5815; c1=109,5;  
 a2=461,17;  b2=552,6565; c2=366,5;     
Iµ=0,16A. 
 
cxrili #22 - Zabvis transformatoris damagnitebis mrudis monacemebi  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
es mrudi moyvanilia nax 50-ze.  Zabvis transformatoris  R 
aqtiuri winaRoba udris 350 oms.       
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nax. 47 - Zabvis transformatoris damagnitebis mrudi 
 
salteebis tevadoba gaangariSebulia [l-2]-Si mocemuli 
formulebiT: 
salteebis fazebis urTierT da miwis mimarT tevadobebis matrica 
aris: 
 
sadac  aris: 
             (66) 
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α=41,4*106 km/faradi, ρ=1sm- sadenis radiusia santimetrebiT. 
matricaSi Semavali sxva sidideebi ganisazRvra sasalteo 
konstruqciis mixedviT, nax. 49. 
 
 
  
 
 
 
 
 
 
 
 
                                   
 
 
 
 
 
nax. 48 - sasalteo konstruqcia 
 
               10 kv Zabvis Ria gamanawilebel mowyobilobebSi salteebis 
sadenebi damagrebulia miwidan 4.2 – 6 metri simaRleze, fazebs 
Soris manZili ki Seadgens 0.9 - 1.5 metrs. (66) matricis Sebrunebis 
Semdeg, q/s “wyaltubo-220” -isaTvis miviReT: 
 
 
                                                                                    (67) 
salteebis izolaciis g aqtiuri gamtarebloba udris 10-8simens. 
      ferorezonansis modelireba transformatoris gaxsnili 
neitralis da dautvirTavi salteebis SemTxvevaSi 
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    Tu aseT reJimSi salteebis Zabva miaRwevs 25.8 kilovolts an 
mets iwyeba Zabvis transformatorebis gaJRenTva. gaJRenTva 
gamoiwvevs Zabvis transformatoris induqciorobis Semcireba. 
vinaidan Zabvebi daZrulia droSi 120 gradusiT, jer gaiJRinTeba 
erTi romelime fazis transformatori. warmoiqmneba ganivi 
asimetria. Zalovani transformatoris neitrali “gadainacvlebs”, 
da warmoiqmneba nulovani mimdevrobis Zabva. procesi mimdinareobs 
zrdadi rxevebis saxiT.  
 
 
nax. 49-ze naCvenebia Zalovani  transformatoris neitralis Zabva                          
   
       
nax. 50-ze naCvenebia imave mrudis sawyisi stadia, pirveli 40 miliwamis 
ganmavlobaSi 
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      naTlad Cans neitralis Zabvis zrdadi ryevebi.  Zabva aRwevs 
Zalian did sidides, rac saSiSia rogorc transformatoria, aseve 
salteebis izolaciisaTvis.  
 
 
nax. 51-ze naCvenebia Zabvis transformatoris A fazis Zabva 
 
     gadametZabvis jeradoba  aq aRwevs 3,14. rxevebis sixSire 
daaxloebiT 500 hercia. 
     rogorc Cans, denis pikebi aRweven 0.08 - 0.1 ampers, rac 
transformatorisaTvis  saSiSia. 
               
nax. 52 -ze naCvenebia A fazaSi CarTuli Zabvis transformatoris deni  
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     10 kv-is mxares ferorezonansis  aRsakveTad saWiroa 
aRikveTos salteebis (xazebis) dautvirTavi mdgomareoba. an 
gatardes ferorezonansis aRkveTis sxva RonisZiebebi. 
      aRsaniSnavia, rom ferorezonansi rTuli movlenaa, romelic 
erTnairad moqmedebs, rogorc  klasikur (SiFe) satransformatoro 
foladze ise amorful liTonze. ferorezonansis movlena 
damokidebulia xazis tevadobebze, neitralis tipze, qselis 
datvirTvaze da a.S faqtorebze. warmodgenili analizi 
warmoadgens imis demonstrirebas, rom amorfuli liToni da 
klasikuri (SiFe) satransformatoro foladi erTnairi medegobiT 
xasiaTdebian ferorezonansuli movlenis mimarT. 
 
4.5. amorfulmagnitur gulariani da klasikuri 
transformatorebis upiretesobebi da naklovanebebi 
 
amorfuli transformatoris upiratesobebi klasikur 
transformatorTan SedarebiT 
 
• miniaturizacia: mkveTradaa Semcirebuli zomebi da 
gragnilebis gansakuTrebuli struqtura 
• maRali Bmax 
• mcire siTbogamocema:  
- sWirdeba mcire adgili dayenebisaTvis 
- gragnilebsa da saizolacio masalebis 
Secvla 
- gragnilebis temperaturis momatebis 
aRmofxvris gamo mcirdeba 
transformatoris gadatvirTvis 
albaToba 
 
• danakargebis Semcirebis gamo, transformatoris muSaobisa 
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da remontis Rirebuleba mcirdeba, rac axangrZlivebs 
transformatoris eqspluataciis xangrZlivobas 
• saukeTeso magnituri Tvisebebi maRali sixSire da 
harmonikebi uzrunvelyofs transformatoris 
maRalefeqtiurobas da miniaturizacia 
• saukeTeso ekologiuri efeqtebi 
 
- Semcirebulia maRali temperaturis 
emisia, rac uzrunvelyofs globaluri 
daTbobis aRkveTas 
- uzrunvelyofs mavne airebis emisiis 
Semcirebas 
- eleqtruli sadguris zomebis Semcirebis 
gamo gaumjobesebulia ekologiuri 
efeqtebi 
 
• transformators aqvs energiis maRalmwarmoeblurobis 
serTifikati. 
 
amorfulmagnitur gulariani transformatorebis naklovanebas 
klasikur transformatorTan SedarebiT warmoadgens 
  
1. marTkuTxovani histerezisis maxasiaTebeli 
2. maRali Rirebuleba 
3. temperaturuli SezRudvebi xangrZlivi eqspluataciis dros 
4. eleqtromagnituri xarvezebi 
5. gularis kveTi 
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4.6. amorfulmagnitur gulariani da klasikuri  
 
transformatorebis mqk-ebis urTierTSedareba 
 
 
cxrili # 23 - mqk-ebis urTierTSedareba sxvadasxva simZlavris 
transformatorebisaTvis  
 
 
s
im
Zl
av
r
e 
(k
va
) 
zeTiT Sevsebuli 
transformatoris mqk 
(%) 
rezinis izolaciis 
transformatoris mqk (%) 
amorfuli 
liToni 
foladi amorfuli 
liToni 
foladi 
100 98.20 97.60 97.96 97.30 
200 98.40 97.80 98.28 97.80 
300 98.49 98.00 98.51 98.00 
400 98.64 98.10 98.61 98.10 
500 98.68 98.20 98.75 98.30 
600 98.71 98.30 98.76 98.50 
750 98.75 98.30 98.83 98.50 
1,000 98.78 98.40 98.96 98.60 
1,250 98.80 98.50 99.10 98.60 
 
 
 
 
 
 
cxrili #24 - mqk-ebis urTierTSedareba transformatorebis datvirTvis 
mixedviT  
 
datvirTvis koeficienti (%) 30 50 70 100 
 
 
 
mqk 
(%) 
 
 
 
amorfuli 
transformatori 
rezinis 
izolaciiT 
 
99.33 99.19 98.99 98.65 
foladisagad 
damzadebuli 
transformatori 
98.55 98.60 98.54 98.30 
mqk-s gazrda 0.78 0.59 0.45 0.35 
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                                     (a) 
 
(b) 
 
nax. # 53 - transformatorebis m.q.k.-ebis urTierTSedareba 
datvirTvebis mixedviT  
 
 
 
4.7. amorfulmagnitur gulariani da klasikuri  
 
transformatorebis ekonomikuri urTierTSedareba 
 
transformatoris ekonomikuri analizis dros, danadgaris 
ekonomiurobis Tavdapirveli RirebulebiT Sefaseba iZleva mcdar 
ekonomikur Sedegs, zusti analizisaTvis saWiroa 
transformatoris sruli TviTRirebulebis gaTvaliswineba. 
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nax. 54 – amorfulmagnitur gulariani da klasikuri 
transformatorebis Rirebulebebis urTierTSedareba 
 
        
sruli TviTRirebulebis gaangariSeba (sTg) 
 
 
 
      
       anu 2500 kva simZlavris amorfulmagnitur gulariani 
transformatorisaTvis sruli TviTRirebuleba daaxloebiT aris 
47600 lari; xolo imave simZlavris klasikuri 
transformatorisaTvis sruli TviTRirebuleba daaxloebiT aris 
43 050 lari. 
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cxrili # 25 – amorfulmagnitur gualriani da klasikuri 
transformatorebis fasebis urTierTSedareba 
 
 
 
      cxrili Sedgenilia 1987 wlis oqtomber-noemberSi firma  
ABB-s mier da Sesabamisad cxrilSi moyvanili fasebi ar 
Seesabameba dRevandel realobas, Tumca es cxrili iZleva 
transformatorebis sruli TviTRirebulebis angariSis naTel 
suraTs. [l. 21]  
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cxrili #26 – amorfulmagnitur gualriani da klasikuri 
transformatorebis sruli TviTRirebulebebis 
urTierTSedareba 
 
 
sTR (sruli 
TviTRirebulebis) 
ganmsazRvreli 
faqtorebi 
25kva simZlavris transformatoris 
Rirebuleba 
 
mcire danakargebiani 
foladi 
 
amorfuli liToni 
 
 
uqmi svlis 
danakargebi 
 
48 vt 
X$5/vt 
$240 
 
18 vt 
X$5/vt 
$90 
 
 
 
m.S. danakargebi 
 
$284  
X$1/vt 
$284 
 
249 vt 
X$1/vt 
$249 
 
sruli danakargebi 
 
Tavdapirveli 
Rirebuleba 
 
sruli TviTRirebuleba 
$525 
 
$510 
 
$1034 
$339 
 
$695 
 
$1034 
 
           ekonomiurad efeqtian transformatorebs arCeven 
TviTgamosyidvis periodis mixedviT, romelic iangariSeba sruli 
TviTRirebulebisa da sawyisi Rirebulebis mixedviT.  
       
Sesabamisad TviTgamosyidvis periodis Sefasebisas 
gaTvaliswinebulia transformatoris Tavdapirveli Rirebuleba, 
satransformatoro danakargebi da muSaobis savaraudo vada. [l. 
20].  
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nax. 55 – amorfulmagnitur gulariani da klasikuri 
          transformatorebis TviTgamosyidvis periodi 
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cxrili # 27 - amorfulmagnitur gulariani transformatorebis   
ekonomikuri Sefaseba  
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დასკვნა 
   amorfulmagnitur gularian transformatorebze 
Catarebulma cdebma da dakvirvebebma aCvena, rom am 2500  kva 
simZlavriT 10 kv Zabvaze momuSave transformatorebs Soris 
upiratesoba eniWeba amorfulmagnitur gularian 
transformatorebs, garda mcire gabaritebisa da zomebis es 
transformatorebi gamoirCevian gularasa da gragnilebSi mcire 
danakargebiT, maTi TviTgamosyidvis periodi Zalian xanmoklea (3 
weli), xolo eqspluataciis periodi ki 25 wels aRemateba.   
amorfulmagnitur gulariani transformatorebi Cveulebrivi 
kristaluri transformatorebisagan gansxvavebiT gamoirCevian 
komutaciuri gadametZabvebis mimarT kargi medegobiT, am 
transformatorebis awyoba da remonti gacilebiT martivia, 
radgan isini kristaluri transformatorebisagan gansxvavebiT 
saWiroeben mcire xviaTa raodenobas gragnilebisaTvis. 
amorfulmagnitur gulariani transformatorebis upiratesobas 
Cveulebriv kristalur transformatorebTan SedarebiT 
adasturebs transformatorebis saangariSo maTematikuri modeli, 
romelic Seqmnili iqna specialurad amorfulmagnitur gulariani 
transformatorebisa da kristaluri transformatorebis 
Sesadareblad. 
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დ ა ნ ა რ თ ი 
 
Visual basic-ში დაწერილი ამორფულმაგნიტურ გულარიანი  
და კლასიკური ტრანსფორმატორების ურთიერთშედარების  
მათემატიკური მოდელი 
 
Dim Sn1, Un1, Uk1, Ius1, DPk1, DPus1 As Double 'sawyisi monacemebi 
Dim DSk1, DSus1, DQk1, DQus1, Inom1, RT1, XT1, GT1, BT1 As Single 'sadziebeli parametrebi 
Dim BB1, HH1 As Single 
Dim Price1 As Single 
 
Dim Sn2, Un2, Uk2, Ius2, DPk2, DPus2 As Double 'sawyisi monacemebi 
Dim DSk2, DSus2, DQk2, DQus2, Inom2, RT2, XT2, GT2, BT2 As Single 'sadziebeli parametrebi 
Dim BB2, HH2 As Single 
Dim Price2 As Single 
 
Private Sub Command1_Click() 
'<<<<<<<< klasikuri transformatori (1) 
 
Sn1 = Val(Text1.Text) 'kVA 
Un1 = Val(Text2.Text) 'kV 
Uk1 = Val(Text3.Text) '% 
Ius1 = Val(Text4.Text) '% 
DPk1 = Val(Text5.Text) ' kW 
DPus1 = Val(Text6.Text) 'kW 
Inom1 = Sn1 / (Sqr(3) * Un1) 
DSus1 = Sn1 * Ius1 / 100 
DQus1 = Sqr(DSus1 ^ 2 - DPus1 ^ 2) 
DSk1 = Sn1 * Uk1 / 100 
DQk1 = Sqr(DSk1 ^ 2 - DPk1 ^ 2) 
GT1 = DPus1 / Un1 ^ 2 * 0.001 'sim 
BT1 = Ius1 * Sn1 / Un1 ^ 2 * 0.00001 'sim/km 
XT1 = Uk1 * Un1 ^ 2 / Sn1 * 10 
RT1 = DPk1 * Un1 ^ 2 / Sn1 ^ 2 * 1000 
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If Sn1 < 10 Then Price1 = 500 
If Sn1 >= 10 And Sn1 < 20 Then Price1 = 760 '$ 
If Sn1 >= 20 And Sn1 < 30 Then Price1 = 1150 '$ 
If Sn1 >= 30 And Sn1 < 50 Then Price1 = 1440 '$ 
If Sn1 >= 50 And Sn1 < 63 Then Price1 = 2000 '$ 
If Sn1 >= 63 And Sn1 < 80 Then Price1 = 2220 '$ 
If Sn1 >= 80 And Sn1 < 100 Then Price1 = 2360 '$ 
If Sn1 >= 100 And Sn1 < 125 Then Price1 = 2850 '$ 
If Sn1 >= 125 And Sn1 < 160 Then Price1 = 3100 '$ 
If Sn1 >= 160 And Sn1 < 200 Then Price1 = 3680 '$ 
If Sn1 >= 200 And Sn1 < 250 Then Price1 = 4450 '$ 
If Sn1 >= 250 And Sn1 < 315 Then Price1 = 5220 '$ 
If Sn1 >= 315 And Sn1 < 400 Then Price1 = 6040 '$ 
If Sn1 >= 400 And Sn1 < 500 Then Price1 = 7200 '$ 
If Sn1 >= 500 And Sn1 < 630 Then Price1 = 8750 '$ 
If Sn1 >= 630 And Sn1 < 800 Then Price1 = 10000 '$ 
If Sn1 >= 800 And Sn1 < 1000 Then Price1 = 12400 '$ 
If Sn1 >= 1000 And Sn1 < 1250 Then Price1 = 13020 '$ 
If Sn1 >= 1250 And Sn1 < 1600 Then Price1 = 16200 '$ 
If Sn1 >= 1600 And Sn1 < 2000 Then Price1 = 19500 '$ 
If Sn1 >= 2000 And Sn1 < 2500 Then Price1 = 24100 '$ 
If Sn1 >= 2500 Then Price1 = 28000 '$ 
Picture1.Print " DSus ="; DSus1 
Picture1.Print 
Picture1.Print " DQus ="; DQus1 
Picture1.Print 
Picture1.Print " DSk ="; DSk1 
Picture1.Print 
Picture1.Print " DQk ="; DQk1 
Picture1.Print 
Picture1.Print " GT ="; GT1 
Picture1.Print 
Picture1.Print " BT ="; BT1 
Picture1.Print 
Picture1.Print " XT ="; XT1 
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Picture1.Print 
Picture1.Print " RT ="; RT1 
Picture1.Print 
Picture1.Print " Price1 ="; Price1 
'<<<<<<<<<<< amorfuli transformatori 
Sn2 = Val(Text7.Text) 'kVA 
Un2 = Val(Text8.Text) 'kV 
Uk2 = Val(Text9.Text) '% 
Ius2 = Val(Text10.Text) '% 
DPk2 = Val(Text11.Text) ' kW 
DPus2 = Val(Text12.Text) 'kW 
Inom2 = Sn2 / (Sqr(3) * Un2) 
 
DSus2 = Sn2 * Ius2 / 100 
DQus2 = Sqr(DSus2 ^ 2 - DPus2 ^ 2) 
DSk2 = Sn2 * Uk2 / 100 
DQk2 = Sqr(DSk2 ^ 2 - DPk2 ^ 2) 
GT2 = DPus2 / Un2 ^ 2 * 0.001 'sim 
BT2 = Ius2 * Sn2 / Un2 ^ 2 * 0.00001 'sim/km 
XT2 = Uk1 * Un2 ^ 2 / Sn2 * 10 
RT2 = DPk2 * Un2 ^ 2 / Sn2 ^ 2 * 1000 
 
If Sn2 < 10 Then Price1 = 400 
If Sn2 >= 10 And Sn2 < 20 Then Price2 = 670 '$ 
If Sn2 >= 20 And Sn2 < 30 Then Price2 = 890 '$ 
If Sn2 >= 30 And Sn2 < 50 Then Price2 = 1100 '$ 
If Sn2 >= 50 And Sn2 < 63 Then Price2 = 1500 '$ 
If Sn2 >= 63 And Sn2 < 80 Then Price2 = 1760 '$ 
If Sn2 >= 80 And Sn2 < 100 Then Price2 = 1970 '$ 
If Sn2 >= 100 And Sn2 < 125 Then Price2 = 2300 '$ 
If Sn2 >= 125 And Sn2 < 160 Then Price2 = 2660 '$ 
If Sn2 >= 160 And Sn2 < 200 Then Price2 = 3000 '$ 
If Sn2 >= 200 And Sn2 < 250 Then Price2 = 3600 '$ 
If Sn2 >= 250 And Sn2 < 315 Then Price2 = 4300 '$ 
If Sn2 >= 315 And Sn2 < 400 Then Price2 = 5050 '$ 
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If Sn2 >= 400 And Sn2 < 500 Then Price2 = 6300 '$ 
If Sn2 >= 500 And Sn2 < 630 Then Price2 = 7300 '$ 
If Sn2 >= 630 And Sn2 < 800 Then Price2 = 8600 '$ 
If Sn2 >= 800 And Sn2 < 1000 Then Price2 = 10900 '$ 
If Sn2 >= 1000 And Sn2 < 1250 Then Price2 = 11900 '$ 
If Sn2 >= 1250 And Sn2 < 1600 Then Price2 = 13900 '$ 
If Sn2 >= 1600 And Sn2 < 2000 Then Price2 = 16700 '$ 
If Sn2 >= 2000 And Sn2 < 2500 Then Price2 = 20000 '$ 
If Sn2 >= 2500 Then Price2 = 25200 '$ 
Picture2.Print " DSus ="; DSus2 
Picture2.Print 
Picture2.Print " DQus ="; DQus2 
Picture2.Print 
Picture2.Print " DSk ="; DSk2 
Picture2.Print 
Picture2.Print " DQk ="; DQk2 
Picture2.Print 
Picture2.Print " GT ="; GT2 
Picture2.Print 
Picture2.Print " BT ="; BT2 
Picture2.Print 
Picture2.Print " XT ="; XT2 
Picture2.Print 
Picture2.Print " RT ="; RT2 
Picture2.Print 
Picture2.Print " Price2 ="; Price2 
End Sub 
Private Sub Command2_Click() 
Picture1.Cls 
Picture2.Cls 
End Sub 
 
